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PREFACE. 

■1 

mm O 

Though our national requit^ements are perhaps the 
*gre^st, it is^ noteworthy that our contribution ^to the 
technology ot hydrogen is probably the least* of any 


of the Great Powers ; so, $h<HJld it happen that this 



fu^her^ improvement in the technoljj^y of the’ subject, 
the aythor will feel himself»more than amply rewarded. 


The i^hor would ‘ like to express his thaflks ti/ 
thJ Director of Airship Producticii fqr permission to 
publish this Jaook, and to iVIajor L. Rutty, R.A. F., 
for many helpful suggestions in the compilation gf 

the text and assistance in confecting the proofs. 

’ >] • 

P.’L. T. 


Eynsford, Kent. 
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CHAPTER I. 

HYDROGEN^ITS USES— DISC:j)vkRY, AND OCCUR- 
RENCE IN NATURE. 

4 

^ The Uses' of Hydrogen* — Jbe conimercJbi* pfo- 
duction of hydsogen has received a great stimulfts dur- 
ing the last few years owing to^its beipg required for 
industrial and war purposes in quantities never previously 
anticipated. ' • ^ 

yiie^ discoveries of M. Sabatier with regard to the 
coTiver^ion of olein and othey unsaturated fats and their 
corresponding acids into stearin or stearic acid 4iav€> 
cre^jed an enormous demand for hydrogen in every in- 
dustrial country ; ' the synthetic produetton of ammonia 
’by the Haber* process has f?roduced another industr]|^ 
with great hydrogen Requirements, while the Great War 
has, through the development o/ the kite balloon and 
airship, made requirements for hydrogen* in ol 

the two previously mentioned industries combined. 

The increase in hydrogen production has J modified 
the older processes by which it’ was made, 8gid has ?jJso 
led to the invention of new processes, with the result 
that the cost of production has decreased and \vill prol^- 
ably continue to decrease, thus allowing of its e^nploy- 
ment in yet new industries. ^ 

0m ^ The weight of oil ^lardened by means of hydrogen in Europe 
191*4 probably exceeded 250,000 t^s. 



^ ' H'k)R®GEN * 

^Thc Discovery of Hydrogen*-fThe disloyery of 
^ hydrogen ^hbuld be attributedno Turquet de Mayerne,^ 
Who in 1650 obtained, by the action, of dilute sulpj^uric 
acid on iron, acgas,fOr"“ inflammable a]r,” whjgjjj^e now * 
knov/ to have been hydrogen. ^ ^ 

Turquet de Mayern 4 recognised the gas be obtaindd^ 
as a distinct substance. Robert fioyle^ made som& 
experiments with it, ^ but ^ many of its mo^ important 
properties were not discovered until Cavendish’s investi- 
gationSj^ beginning in 1766; while the actuat^name 
“ fiydj'ogen,” meanii 9 g “ water former,” was given t 9 
the gas by Lavoisier, who may be regarded as the first 
philosopher to fecognife its elemental nature. 

^ ^Occurrence in Nature. 

Hydrogen occurs in small quantities in I^ature.in 
the uncombined state. It is found in a state bf con- 
^densation in many rocks and in some ^^pecimens ol 
meteoric iron. ^ It^is present in the gaseous discha*rges 
from oil and gas wells and volcanoes, and is also a con- 
Gtituent to a very minute extent of the atmosphere. 

^ Hydrogen in the uncombihed state exists in enor- 
mous (masses upon <he sun, and is present in the 
** p^onnnences ” observed in solar eclipses, while bj 
pptical means it may also be detected in many stars anc 
nebulae. " 

C t 

^ ^ Paracelsus, in a similar experiment in the sixteenth century 
obtained the same gas, but failed to recognise it as a distinct sub 
^ance. 

_ 2 |)xperiments touching the Relation between Flame am 

Air^” by the Hon. Robert Boyle, 1652. , 

/ Rimes Watt, the discoverer of the stean engines, did many similj 
experiments about the same tjjne, but his interpretation of his»result 
• was /Confused Jay his over-elaborate theories. 



^ * OCCURRENdE I A NATORE a 

In tBfe combuigd statd hydrogen is exjre^ely abun- 
dant. * It is»present to the 'extent of one parkin ijine*(by' 
weight) in water, and is a conjtitujnt of all Acids abd 

• most compounds. , * 

^ ffl^ocks. — In a state of ‘| occlusion,” or mol&ular 

• condensalion, hydfogen'is to be found in most igneous 
rocks in'Iissociltion with other gases, the total volume 
of occluded^ases being on th« average about 4^5 times 
the volume of the rock. 

The following analyses of Sir William Tildcg.* give 
the composition of the occluded gases in several rocks 
, from different parts of the A^orld^: — ^ 


Rock. 

Where From. 



Carbof 

Dioxide. 

Carbon 

Monoxide. 

• 

Mey;iane. 

Nitro- 

Hydro- 

gen. 

(jranit^ . 

Skye . 

23-6 

' 6 ‘45 

3-02 

S‘13 

6 1 -68 

Gabbro , 

Lizard 

5*5 

2*i6 

2-03 

I -90 

^8-42, 

Pyroxene 

Ceyion 

772 

8 -06 

‘56 

i*i6 

12-49 

gneiss . 
Gneiss . 

Seringpatam 

31-62 

5 36 , 


-56 

61-93 

Basalt . 

Antrim 

• 

32-08 

• 20-<)8 

10 '00 

I -6 1 

36 -iS* 

• 


In Meteoric Iron, — An examination of certain* 
meteoric irons, made by Sir William Ramsay afi(^ Dr. 
Travers, “ showed that these contained occluded gas, and 
that this gas was hydrogen : — , • • 


Description of 
Meteorite. 

Weight Taken. 

• 

Hydrogen Evolved.^ 

Toluca 

Charca 

Rancho de la Pila 

• 

• 

. I grm. 

M 

if . 

2-8 C.C. • 

•2a»„ ^ 

*57 M 

• 


* “ Proc. Roy. Soc.,” iSgy.* 


Wild. 





in pieces 6 x i x*ucm. heaked (ultimate temperature 
979°«C.) for ten days in va^uo and the gases evolvei 
analysed, with ^e result that they were found to have 
the following composition , 


• 

Per Cent. 


^ • by Volume. 

Hydrogen 

52-00 

Carbon monoxide* .... 

• 45*52* 

„ dioxide * , 

r68 

Methane . . . ■ • • 

. • . -72 

Nitrogen 

•08 


I 00*00 


The total weight of steel was 69*31 grammes, while 
ftie totalVolume^of gas evolved was 19*86 c.c.^ 

,,An examination of ‘'a defective Admiralty bronze 
ce^rtijig showed that there was an appreciable quantity 
qf occluded gas in it^ containing 7*6 per cent, of hydro- 
gen by^olume.*^ 

^ 1 “ Gases Occluded in Steel,” by T. Baker, Iron and Steel Institute, 
“ Carnegie Scholarship Memoirs,” vol. i., % 

2 “ An Investigation on Ujnsound Castings of Admiralty B»onze 
•by H. f arpenter and C. F. Elam, Inst, of Metals, 918. 
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• ^ 

* •• 

In Discharge from and -Gas ^WcIIs^-rThe 

gas Jischai^ed from and oil wells cogtaiinp small 
qu^tities of hydrpgen, as will sgen from the follow- 
ing an^j|j^eS*of natural gas^ischargies in Pennsylvania, 
We»^yirgin^a, Ohio, Indiana, and Kansas. • 

• • * 

► Av|:raTje Composition by Volume.^ 


% 

Pa. & W.Va. 

Ohio & Ind. 

Kansas. 

■ — - - 

^ Hydrogen . ^ , 


i ‘50 


Carbon dioxide . * 

‘OS 

•20 

. *30 

Sulphuretted hydrogen 

• *00 

•15 

•00 

Oxygen .... 

trace ^ 

its 

•00 

Carbon monoxide . 

•40 

* ‘50 

1*00 

^►Methane 

1 % 3 o -85 

93-60 

93*65 

Other hydrocarbons 

i i4‘oo 

i *30 

• '25 

Nit-ogep 

4 *6 o 

— • 

3 -6 o 

4-80 


In Gases from Volcanoes.' — The nature of the 
gas*es discharged from volcanoes hfes been most care- 
fully studied from about the«mid^ll(?of the last century, 
with the result that th« chemical composition of the gas 
discharged has beeiT determined at many different ^1- 
canoes, and at different times at the same ^JOlcano. 
From these investigations it would appear that ifl the 
more violent discharges there are very c5psiderable 
amounts of hydrogen, while in^the more placid eruptions 
there is little gas of any description, except stdkm, 
generally accompanied by water containing mtiWfal 
salts. • • 

’ U.S.A. Geological Survey, “ Mineral Resources of U.SyA.Y” 
1909, 2, 297. ^ ^ • 

^,For further information on this subject see F. W. Cfarke’s 
“The Data of Geochemistry,” U.S.(?.S., Bull. 6i6. 
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Below givei> analyses ctf volcaniq; gas frofn differ- 
ent parfs of^the world by different authoritieffe : — 

' Front a group ^of fumaroles at, Reykjalidh, Jce- 


/afld\— . , h 


Bydrogen . 

*.25^ 

Oxygen . ' . ^ 

. * 

Nitrogen 

• ^iP‘72 

Carbon dioxide . ^ 

. 50-00 

Sulphur dioxide . . 1 

f 

Sulphuretted hydrogen 

24-12 


f 

, 99*98 


Prom a fumarole onJVloiit Pelee^ Martinique‘S : — 


Hydrogen . . 

. 8-12 

Oxygen . . . e. 

. 13-67 

Nitrdgeiv- 

* • 54 * 94 , 

Carbon dioxide 

. . 1V38 

Sulphur dioxide . . . ^ . 


Chrbon monoxide .... 

. .* I -60 

Sulphuretted hydro^jen 

— 

^ Methane « ^ ^ . 

. 5-46 

Argon . / f 

. , . -71 

• 

99-88 

Fr^ Kilauea ^ : — 


Kydrogen . ^ 

10-2 

Oxygen^ 

— 

® Nitrogen . • 

. 1 1 -8 

^Carbon dwxide . . ' . 

• 739 

„ monoxide .... 

. 4-0 

*^ulphur dioxide 

— 

c f 

— 

c 

99*9 


I R. W. Bunsen, “ Annales Chim. Phys.,” 3rd sen, vol 38, 1853. 
241! l^oissan, “Comptes Rend.,” vol. f 35 , 190V 
* A. L. Day and E. S. SheTpherd, “ Bull. Geol. Soc. America,” ^ 

, vgl. * ^ 
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•*4 • V 

FroM Samortn ^ : — * • • 


rfydrogefc . . • 

• ’ • 2943 *. 

Oxygen • . 

• '• *' 3 * . 

"^Nitrogeij# . ’ 

• 3 *' 97 , 

CafBi^i digxide* . ^ 

? . 36'42 

1&\jjbon monoxide . • . 

^fetrhme . . • . 

» 

•86 

Sul^hwretted^hy^rogen 

— 

% •! • 

100*00 


fn Clays.*— Not only is hydrogen present, in rnost 
igneous rocks^ but it is to be f(?und to a smal] extent 
in some clays. Sir WHIiam Crooks, O.M., F.R.S., 
was kind enough to fnvestigate for* the author the 
gases occluded in the celebrated “Blue Ground” — 
a ^lay^in which the Kimberley diamonds afe found. 
This clay was found to contain gas composed of 82 
per cent., of carbon dioxide, the bulk of the residue 
bejng oxygen and nitrogen, with detectable traces of 
' hydrogen. 

In Air.— As is ngt surprising, hydrogen is present 
in the atmosphere • t(^ a very small extent, as wil^Je 
seen from the following analysis of air under ^veragft 
conditions. It is doubtless derived fr(»m the sfi)urces 
already mentioned, and also from the deca^ of organic 
matter containing hydrogen. • ,* • 

The following represents *the average ^ompositipn of 
normal air : — , 

^ Volumes per looo.^ 

Nitrogen 769*500 

Oxygen . , .• 2oC?594r% 

Aqueous vapour 14*000 » 

• ^ . 

^ F. Fouque, Santorin et ses eruptions,” Paris, 1879. 
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» 

« » 

1 

«> «> 1 

^ Volumes^per loo 

r^gon *' •. 

, . 

• •• , 9 ‘ 3 S 8 * 

* Carbon dioxide . 

f 

• 336 

• Hydrogen . 


... -19 

^Ammonia ^ 

• 1, ‘ 

• . • '' 'ssS 

Ozone 

9 

Nitric acid . 

*• 

. ' . f -oo^* 

Neon . 


■ ' » 'St 

Helium 


•001 

Krypton 


# *001 

Xenon 


•00005 



CFTAPTER II. 


THE CHEMICAL PROPERTIES OF HYDROGEN. 

% • « 

I^YDROGKN in the free state has a capability of enter- 
ing into combination with a large variety of sub^ai^ces, 
forming chemical compounds, while hydrogen in the 
combined state reacts widh many other chemical com-* 

pounds, forming new compounds. 

• • 

l^caction of Hydrogen with Oxygen in the Free ^ 
, * State* 

l5y fa« the most important chemical reaction of hy- 
drogen is undoubtedly that which it enters into with 
oxygen. When hydrogen is mixed w ith^ oxygen ^and 
the temperatiire of the mix^d j'ases raised, they cofti- 
bine with explosive ^^iolence, producing steam. 
reaction may be expressed by the following equadon 
2H, + O, = 2HA , ‘ 

If a stream of hydrogen issues into air aind a light is 
applied to it, it burns (in accordance with ,*the abc^e 
equation) with an almost non-luminous Jlame. (^Thb 
reaction is, of course, reversible, i.e. a stream ^oLiair 
would burn in the same way in^an atmosphere of Jiy- 
drogen.) It was discovered by Frankland^ that while 
at atmospheric pressure the flame of hydfogen buTrirng"*^ 
in oxygen is alm<^st non-luminods if the preissure is 

t • • 

^ “ Proc. Royal Soc.,*' vol. xvi., p. 419. 
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. , ‘ ' r' 

increased tp two gitmospheras the flame is Strongly 
lummous. * • • * 

c The combination ‘of oxygen and hydrogen is most 
^ violent if the ^two gAses |^e present in \he relative 
quantities given in the equatiop, viz. *twc/ volume^ of 
hydrogen and one of oxygen. • If one or othpi^f the* 
gases is in excess of these quantities tRe violeng9>of the* 
reaction is reduced anij the^quantity of the g^ in excess 
of that required by the equation remains as a residue. 
When one gas is enormously in excess^ of the •other 
a cdncfftion may arise ki which the dilution is so great • 
I that on’sparking the mixture, no reactiorf takes place.^ 
Mixtures of air an,d hydrogen iq which the air is under 
20 per cent. (i.e. under 4 per-cent, of oxygen) of the/ 
total volume belfave in this way. 

This point is of importance in airships, as, previdin]^ 
the purity of the hydrogerf in the envelope is above 
80 pe^^cent. by volume, an internal spark in the envelope 
will not cause an ^explosion, but if the quantity •of 
hydVogen b/volumep fafls I^elow this amount there is a 
ri^k of explosion ; hence the procedure* of deflating 
aI?Skips when the purity has dropped to 80 per cent, 
ftydro^n by volume. 

Tlic Temperature of Ignition of Hydrogen and 
Obeygem-AVhen^the two gases are mixed in the pro- 
jportion of*two volumes of hydrogen and one volume 
of oxygen it lias been found that the temperature of 
th^ mixed gases must be raised to about 580° C.* 

^ Sch^p states that when either gas contains 6 to 8 per cent. 
th®K 5 lht^f it i^explosive. * 

Wictor Meyer, “Berjchte,” No. 16, 1893, gives the temperatuffe 
of violent Reaction as 612-15° C. Gautier ^nd Helier, “Comjptes 
Rend.,” 125, 271, 1897, give abftut 550° C. 
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• • 

before fexplosion takes • place. However^ Professor 
Baker ^ ha^ shown that? if the two gases are not only 
perfectly pure but also perfe9tly* dry (dried by being 
kept iij^oi^ftict for as^ong three week^ with anhydft)us 
phoBphoric ^Icid) ,at th^ temperature of 1000° C., they 
Mo n«!Kcombine, but even in this dry condition they 
•will explode w 4 th*an electric spark.^ This phenomenon 
is of great yiterest, and open^ ^ viide field of philosophic 
speculation, but the conditions of purity and dryness are 
suclf fhat thi^ high temperature of ignition can never 
•be attained under. commercial conditions. 

Professor Baker has alao shown that, when a mixture 
of ordinary hydrogen and oxy|jen is.e^cposed to the in- 
tfluence of strong sunlight, the two gases very slowly 
react, with the production of water *in njinute quan-^ 
yties. ^ ^ 

tti the experiment by which Professor Baker made 
this discovery he placed a mixture of these two g&ses*in ' 
a ^tate of great purity but not oP absolute dryness (in 
the ratio of two volumes^ of ^ hydrogen* and onfe ,of 
oxygen) in a hard g^ass tube closed at one end a#i^ 
sealed at the other by Tmercury. This tube was exposed 
outside a south window for four months, from* September 
to December, at the end of which timb it was •found, 
after due correction for temperature and fJibssure, that 
the mixture of the two gases had contracted iy ^ of*^ ^ts 
original volume ^ by the formation of water. A similaf 
experiment with the gases in an exceptionally dry*state, 

. • t 

^“Jour. Chem. Soc., April, 1902. ^ 

2 Dixon, “Jour. Chem. 5 oc.," vols. 97 and 98.# ^ 

• ®The volume of the resulting wat^ is almost negligiWe, as 
one volume of hydro^n and oxygen in the ratio statf dT produces, 
only -006 volume (approxiihately) if water. 
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but Ojfherwise undet exacst^ly similar conditions •showed 
no Guch contraction. * • f * 

^ Whether the uniofi of hydrogen with the infiltrating 
‘ oxj^en of the a^mosph^re ti^es place m aJhshi^envel- 
opes, .which are comparatively transparent, f 5 as not lieen 
determined, but since in airship* practice there;>i^fiever* 
more than 4 per cent, of oxygen in ftie^nveldpe, it is* 



% Fig. I. 

to J3e anticipated that such action, if it took place, would 
of necessity be relatively slower. 

The temperature of ignition of varying mixtures of 
hydf^^en and oxygen has been most carefully studied 
by •Professor H. B. Di^on,^ who, besides much very in- 
^eniq^iS, apparatus, employed the cinematograph for ob- 
taining conclusive evidence of the conditions prevailing 
jduring e'xplosion. • . 

Chem. Soc.,’’ vols. 97 and 98, and vols. 99 and^Loo. ^ 
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By means of adiabati'?: compression, the l;emperature 
of igrtition of difierent miAures of hydrogen and oxygen 
was determined, with results which may ’be seen sin 
Fig. I. F^m a study of chis curve it will be noticed :> 
thaw the mok easily ign^itea mixture is not one in which 
‘the piof^ortion of hydrogen to oxygen is as two to one, 
•as migihj; perhapS be expected, but when the ratio is 
one volume of hydrogen to four qf oxygen. 

Igniji^n Temperatures of Hydrogen and Oxygen Mixtures. 

'As deteifnined by Prof. H. B. Dixqn, M.A., F.R.B4)^ o 
i^^nition by Adiabatic Compression.) 


■ ^ -0 - 

Composition ol Mixture. 

By Volum^:. ; 

- f }- — 

Ignition 

Temperature. 

-v 

Oxygen. 

Hydrogen. 

V 

"" Centigrade. 

« 



33‘33 

100 

557 

40 

> > 

542 

50 

»» 

, ^ 53 S^ 


d 1 

530 

150 

0 )» 

525 

200 „ 

' »> 

520 

250 

) 1 

516 

300 

n 

512 . 

350 

)> 

1 b <^9 

400 

J J 

507 ^ , 

0 


The temperature of ignition of a mixture fired by 
adiabatic compression is lower than when the ^ same 
mixture is fired by being heated, in a glass or silica tybe 
at atmospheric pressure Professor H. B. E^on in a 
private communication to the author state^that he found^ 
the ignition* temperature of electrolytic gas under the^ 
latler conditions to be 580'’ G. 
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Besides studying the* temperature of igftition of 
varfous gaseous mixtures Pfofessor H. B« Dix6n in- 
v^stigajed ‘the nature of explosions^ and found that 
f Becthdot’s conception* olr ai^ explosion as Wing an ad- 
vancing locus of high pres^ure^ and of f5i|)id Aeijiical 
change, which he described as k^Tonde explosj^%” wa5 
fundamentally correct. ^ ^ ® 

Without going in^o detail with regard to this very 
interesting subject, it may be stated that the velocity of 
the explosion wave in a gaseous mixture is nearly lequal 
to lhe*velocity of soitvl in ^Ae burning gases'\ • 

4 WMle this statement does not satisfy all cases of 
gaseous explosion,^ it may be regarded as fundamentally 
correct, exceptions to the rule ^b^ing capable of explana-^ 
tion on (Jie basis'of undoubted secondary reactions. 

On the tasis of this relationship between the^elocitj 
oY sound in the burning gases and the velocity ^f ex- 
pbsion, Professor H. B. Dixon calculated tKe velocity 
of the explosion wai^e in certain gaseous mixtures and 
also determined* it experimentally, with the results given 
below : — * ^ * 


« 

S . 

y. Gas Mij^lurc. 

• • 

Velocity of Explosion Wave in 
Metres per sec. 

« 


Calculated. 

Found. 


• • 

• 


• • 

8H2 O2 

3 S 54 

3 S 3 S 

• < 

• 

Hg + 3O2 

1740 

%> 

1712 


^ WYiile it Ras been said that the temperature of ignj- 

^ ^ *iThe Rate of Explosion in Gases, byH. B. bixon, Bakerian 

Lecture, Phil. Trans. Royal Society, iSg;?. 
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tion of •hydrogen and pxygen in, their rpost readily 
ignitdd proportions muai l)e at some point at least ^500’ 
C in the mixture of the gases, this statement requires 
modificaticif in that, though^ it is perfectly true in the case ^ 
of a mixture of^the gaseS contained in glass or non- 
pprouB vessels, in the presence of Certain substances of 

• a poro«« nature ^this temperature of ignition is greatly 
reduced. This is particularly ^^o^n the case of platinum 
in a spongy condition. If a piece of spongy platinum 
is inii^duced at ordinary atmospheric temperature into 

• an explosive mixture of hydrogen and oxygen, the 
platinum is observed to glow and an explosion almost , 
immediately takes place;^ This^propq^fey is more marked 

• if the platinum is in ^he spongy condition, but it is 
equally true if it is in the form of wire'^or foil. 

^Thtsre is no complete explanation of this phenomenon, 
but k has been observed that certain substances possess 
the property of absorbing many times their own volume 
of different gases, and that these absorbed gases possess 
a greatly increased chemical activity dvef their nornojal 
activity at the same temperature. Neuman and Strientz ^ 
found that one volume of various metals in a fine-st&te 
of division is capable of absorbing the followifig r 4 nount 2 
of hydrogen : — 


Palladium black 

502-35 volumes. 

Platinum sponge . . , . 

49'3 ’ 


Gold 

4^3 


Iron 

19-17 

,, 0- 1 

Nickel . . 

i 7'57 


Copper 

4-5 

11 

Aluminium . . * . 

2^2 

V p c- 

Lead • , • 

• 

•IS 

>> * 

3 

^ 0 

^ **Zeitschrift ftir analytiiche chemiej 

vol. 32 
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This prpperty of certain s<ubstances, without them- 
selybs undergoing chemical Shinge/ of beang able to 
in>part increased chemical activity to the gases they 
r absorb is not confined to'th^^metate, but is possessed by 
charcoal (particularly animaTchi^rcoal^/magnesite bf;ick, 
and probably to sorrte extent by all porous substanc^. 

It is a subject of very great interest, ind( in mjNiy cases'" 
of practical importance ^ which is now becoming a sub- 
division of Physical Chemistry, under the name of “ Sur- 
face Energy 

( c f ^ <■ o 

Th^ Temperature Produced hy the Ignition of 
Hydrogen and Oxygen* — In the previous paragraph 
the temperature at which the ignition of hydrogen and 
oxygen begins has been given, and now the temperature 
which thfe flame reaches will be considered. t 

ir 

^ Bunsen determined the^ temperature of the flame 
produced to be : — t 

4 . ( 

Flame of hydrogen jmrning in air . . . 2024" C. • 

, n ^ M oxygen . . 2844*^ C. 

^ A later determination by P'ery (“Comptes Rend.,’' 

, 19’oa. 134, 1201) gives the values 1900'’ C. and 2420° C. 
Respectively, while Bauer {id/d,, 1909, 148, 1756) ob- 
tained figures for hydrogen burning in oxygen varying 
from 2 200°cC. to 2300" C., according to the proportion of 
oiygen present. 

The reason that the (fame of hydrogen burning in 
oxyg»n is hotter than the flame produced in air is due 




< ^ It is contended by Trclost and Hautefeuillc that in the case of 
pallad.ijliP\^the absorption of the hydrogen is chemical and not 
physical, palladium hydride (FdgH) being formed. • 

2 T]ia Bonecourt flameless boiler depends on th^ surface energy 
of magnesife brick. , 
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to the faft that t^e speed af bifrtiiiig ici oxygeit is greater 
than in air, because of tlte absence of any dyutiqn, aAd 
also because the nitrogen and pthV inert constituents 
* in the ai|; ai5“ themsel\^es h^ted at the pxpense of tfte 
flames temper^ure.i • ^ - 

• Thft calculated valu^ for the flame temperature of 

ftydrogeft* burnfng in air, assuming that the heat of 
reaction is cjjstributed arnong^ >hc» inert constituents of 
the air, is 1970^0. (Le Chatelier), and this agrees ap- 
proxiiftJtely wifh the above figures of 2024'’ ^C. and 
t900° C. • 

A compariiJon betweerk the flame temperature of 
hydrogen and other gas^ burniftg in ait is given in the 
following table : — • 

* • 

t Hydrogen “ ..... Kpo" C, 

• Acetylene ..... 2548'' C. 

Alcobgl'^ 

Carbon Monoxide .... 2100° C. 

The Quantity of Heat Prod^tced* hy Burning 
Hydrogen* — The temperature of* ignition and the flame 
temperature of hydrggeai have already been consid^ed. 

It now only remains for the quantity of heat j)roluced * 
by a given weight of hydrogen to be •considered in 

comparison with some other gases combustibifi in air. 

• • 

^ In the case of Zeppelin airship^ brought down in Parties, it is 
not surprising that considerable amounts of molten rtietal have blen 
found in the locality, observing that the melting point of alurrffiiuTn 
is C., copper 1087° C. 

^P'ery, Z.^-. 

^Fery, /.c. The temperature of acetylene burniifg in DfJ^en is 
about 4000® C., bjit this arises from circumstonces not present in* the 
case qf hydrogen flames. • • * 

^Le Chatelier. 

% m 
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c C * C 

I lb. of hydrogen pn combustion gives 62,100 

( * „ marsh gas „ „ ^ r „ 24.02<^ „ * 

( benzene „c „ „ 18,090 „ 

( „ carbon monfoxid^ „ ^ * 4,38(^ „ 

Reactions of Hydrogen with® Oxygen the Com 

bined State. , * • 

c c 

So far the reaetjon^of hydrogen and oxygen ha 
only been considered when both are in Ihe gaseou 
form. However, such is the attraction of hyd^ogei 
fof o‘;^ygen that v’hen the latter js in combinatior 
f with some other element the hydrogen will gener 
ally combine vdth the oxygen, forming water anc 
leaving the substance formerly 5 n combination with the 
0. oxygen jn a partially or wholly reduced state. Thus, 
oxides of such metals as iron, nickel, cobalt, tin,, and head 

reduced to the metallic® state by heating in an a"t- 
rKOsphere of hydrogen. 

Thus:-^ 1. 

* (0 + 3H2 zFe + 3H2O 

(2) NiO + 4 = Ni + H,® 

(3) CoO 4 * H2 “ f'® jb ^20 

(4) Sn02 + 2H2 = Sn + 2H2O 

^ (S) PbO + H2 = Pb + H2O 

< *■ 

The temperature at which the reduction by the 
hydrogen*takes place varies with the different oxides 
^and also with, the same okide, depending on its physical 
condition. “ Crystalline haematite,” as the natural ferric 
oxide is called, requires to be at a red heat (about 500° 
C.) before reduction begins to^ take place, while if iron 
^ is precipitated from one of its salts (as ferric hydrate by 

t ^ The latent heat of the steam produced is included in the, heat 
units of fuels containing hydrogtn. 
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ammonia)* the resulting ferric ‘llydrate can be redLv:ed 
to the metallic state at th^ temperature of boiling jvatef. 

With nickel the. same variation the temperature 
•of reduction noted, cfependipg oh the physical condi- 
tion. • Thus ^^oissQn stales that the sub-oxide of nickel 
•(NiD) which has not beeA calcined, is reduced by hydro- 
gfen at 2’^°-240* C. ; Muller, on the other hand, states 
that the reduction of the oxide^l this temperature is not 
complete but only partial, but that if the temperature is 
raised *^5 270° C. a complete reduction takes place. If 
tfle oxide of nickel has been strongl^eated its tempera- 

• ture of reduction to the metallic state is at least 420*" C., 

• in which case it is quite unsuitable for*ifee as the cata- 
lytic agent in the hydrogenation of organic oils. 

Sych is the affinity of hydrogen ix)r oj^gCn that 
hydrogen ViH under certain circumstances reduce hydro-^ 
gen pefoxidp. If an acid solution of hydrogen peroxide 

• is electrolysed, oxygen will be liberated at the posflive* 
pole l[or anode), but no gas will b^ liberated at the 

• negative (or cathode), for tt^ hfdrt)gen wfiich is set* 

free there immediately reduces the hydrogen peroxidn 
in the solution to Wat^r, as shown in the following 
equation : — • 

H,Oo + H, - 2H2O. 

It has been mentioned that the temperatuijp of re-^ 
duction of the metallic oxides by hydrogen vaHes with 
the different oxides and with the physical condition of 
the same oxide. It might further be added that the 
physical condition of the hydrogen also modifies the* 
temperature of reduction. • This can be welkshowj.by 
^takitig some aruficial binoxide of tin ^SnO^) and placing 
it in SI metal tray in •a solution of slightly acidulsfted 
water. The metal tray is t^en connected to» the 
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negative ^ole of cin electri^^* supply, and another con 
ductort placed in the^ liquid connected to tHe positive o 
Ae supply. On thecurrent^ being switched on electrolysij 
takes place, that is to say,i ^he water is deoomposed into 
hydrogen and oxygen, the hydVogei> bein^ liberate or 
the surface of the metal tray contaiqin^ the binoxide ol 
tin, and the oxygen at the other pole. Th*e nasceni 
hydrogen liberated ifi (ii€ neighbourhood#of the white 
tin oxide reduces it on the surface of the particle tc 
rqetaj[ic tin, in accordance with the followcng equafion : — 

' Sn02 + 2 H 2 = Sn + 2H20,^ 

^ f 

a fact which ca\i, easily* be proved by chemical means, 
but yvhich is also detectable Uy the change of the oxide 
from white to tfle dark grey of metallic tin. ^ 

'Chemical Combination of Hydrogen with Carbon. 

I 

1ft has been shown that if hydrogen is passed over 
pure carbon»heatea to 1150'' C., direct chemical union 
lakes place, ^ methaliie or marsh gas being formed : — 

‘ • C + 2H., = CH,. 

* This'rea(jtion is of some importance, as formerly in the 
production of* blue water gas the presence of methane 
was entictfly accounted for by the presence of hydro- 
iarboqs ui the fuel. However, the experiments of Bone 
and Jerdaii'show that even if no hydrogen whatever 
wei»« present in the fuel, methane would be formed if 
the temperature of th^ fuel be sufficient. 

If the temperature of the carbon is somewhat hotter 
than 1150° C., direct union continues to take place, J)ut 
the f>roduct of the reaction is not nf\ethan^ but acetylene. 

f 

^•Bone ^nd Jerdan, “Chem. Soc. Trans.,'’ 71, 41, 1.897. « 
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Thus if’ a»small pure carbqn electric §irc is rri^de in an 
atmosphere vf hydrogen^ thrall quantities of acetylene 
are produced, but no methane. 

• ‘ 

Chemical Combination, of "ttydrogen with Chlorine, 
Bromine, and Iodide, 


• • • * 

With * Chlorine* — Hydrogen will combine with 
chlorine, in ^accordance with* the* following chemical 
equation, to make hydrochloric acid : — 


H, + Cl, = 2HGi. 

” • % 

If the two gases are mixe^ in equal proportions in a 
diffused light and are sulyected 4o an electric spark, the 
above reaction takes plac^ with explosive violence. If 
a glass tube containing a mixture of the*gases is*heated, 
the samcTeafitim;! takes place with violence. 

If a mixture of hydrogen Tind chlorine at atmospheric 
temperature is exposed to strong sunlight, hydrocMbriC: 
acid*is immediately formed, with th^ characteristic ex- 
. plosion. Investigation of thj^ ii-lfreiise in the chemical 
activity of hyefrogen awd chlorine in the presence qf 
sunlight has shown that*it is the actinic rays which pro- 
duce the phenomenon ; thus if the rays which a^e present * 
at the blue and violet end of the spectrum*lare prevented 
from reaching the mixture of the gases by^fwotecting 
this by a red glass screen, no reaction betwAq then* 
takes place. When sunlight is not available, the ok - * 
plosive combination of these two gases can be slfi&wn 
by exposing a mixture of them in#a glass vessel to th^ 
light of burning magnesium, such as is frequentlj^ used 
by ^photographers. 

The remarfes which have already been niad^ with 
• regard to the reduction in chemical activity of hydrogen 
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anc^ oxygen when* perfectly dry appl); also ifi the case 
of*hydrogen and chlorine. ^ ^ ^ * 

• While referring *to the production of chemical union 
• iJetween hydrpgen and cHlorine' brought *about by the* 
influence of light, attention may bp drcfwn to what is 
known as the “Draper Effect,” which is best«demon-« 
strated in the following apparatus * * 
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The mixed gases, in the ratio of onrt volume of 
'hydrogen to one of chlorine, are contained in a flat glass- 
bulb A, called the insolation vessel. The lower part of 
the insolation vessel usually contains some water 'satu- 
rated with ihe* two^ gases.^ The capillary tube BC con- 
tains a thread of liquicJ ac, to serve as an* index. Under 
theJnfluence of a flash of light .the thread of liquid ac is 
pusned qutwards, to return immediately to its original 
position. Thus, a travels to and immediately returns 
to a. Wkh every flash of light the same phenomenon 
\akes pl£/:e. At the time of its discovery (1843, “ Phil. 
Mag.,” 184^3, iii., 23, 403, 415) the reason for this 
sudden rise in pressure was not understood, but careful 
Investigation by J. ^y. Mellor and W. R. Anderson^ 
has shown that at each flash jninute quantities of hydro- 
chlo^ aci (5 are formed, with the production of a little 
heat, •thus causing a rise in pressure unti^it is dispersed ' 

^ “Jour. Cheln. Soc.,” April, 1902. 
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— in (acl, the *Draper effect jijay be likened to a very 

small •explosion Vithoutfc efficient energy to prop(kgate 
itself throughout the gas. . • • ^ 

Such is^the attraction of* chlorirfe for hydrogen tbat^ 
eveij when fjje litter is^ in ife^mbination ^ith some other 
elemei;it the chlorine oten will combine with the h;^dro- 
•gen, libe^atingithcft element. Thus, if chlorine is passed 
through turpentine, the carbon js liberated, in accordance 
with the following equation 


.CioHio + SCI, = loC + 16HCI. 

^ ^ • •• • 

Again, at ordinar/ temperatures ind in ordinary.diffused 
light, but more rapidly hi sunlight or other light of* 
^actinic value, chlorine ^ill decompose water, liberating 
oxygen, in accordance with the followjpg equation : — 

2H2O + 2CI2 = 4HCI 4- O2. 


The combination of hydrogen with chlorine is at- 
tended with the evolution of heat. According to Thom- 
sen, the combination of i gramme of hydrogen with 
35*5 gramme^ of chlorine isiattcndfed with the evolution 

of 22,000 gramme-calSries of heat. . . 

• • 

With Bromine. — The element bromine \^ill combinfi 
with hydrogen to form hydrobromic acid, in accordance 
with the following equation : — 


H2 + Br2 = 2HBr. 

t 

This reaction between hydrogen and bromine is ig^^many 
respects comparable with the combination of hydrogen 
with chlorine, but unlikjp the latter, the reactiqp canhot 
l^e brought about by sunlight However, ifnhe two^ 
gases are heated, t]iey will combih^, but their combina- 
tion is attended with the (^volution of less lieat than* 
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ill the case of chlorine. Thomsen states thatcth'e com- 
***** 

binafion of i gramme of hj"d;^ogen vTith 8o grammes 
of bromine (liquid) is attended with the evolution of 
8440 gramme-calories of heat. ‘ 

r I. f i 

With Iodine, — Hydrogen Will combine with ioSine, 
in accordance with the following equadon, pr^vidiAg^ 
the iodine is in the form of vapour and the niixture of 
the two gases is strcnglyr heated in the 4)resence of 
spongy platinum : — 

' r • 

f Thomsen has shown tha^t this combination, unlike 
the two previous^ ones, b not attended with evolution of 
heat, but by the absorption of ir> Thus when i gramme • 
f of hydrogen comBines with 1 27 grammes of iodine (solid), 

6040 gramme-calories of heat are absorbo'^ ’ ' , 

< • <* 

Cherfiical Combination of Hydrogen with Sulphur, 
Sclent m, and Tellurium, 

‘ With Sulphur ,--^If 3 mfxture^of sulphor vapour and 
h/drogen is passed through a tybe; heated to at least 
c25o° <§., a chemical union of the two elements takes 
place, ^in adcord^nce with the equation — 

H,, + S = H2S. 

O ^ 

The-reSulting gas, whkh is known as “sulphuretted 
fiyefrogen,” has a characteristic and extremely unpleasant 
odour, and is poisonous when inhaled. According to 
Thdhard, respiration iif an atmosphere containing yfe 
•part of dts vQlume of sulphuretted hydrogen is fatal to 
a dog, and smaller ammals die when half that quantity 
ds pre^hu *' ^ • 
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Sufpliuretted hydrog^ * is* an inflammable gas, and 
will btnrn in, air, in accondcWice with the following ecfua- 
tion : — • * * 

2H2S + 3O2 ■> 2^20, 

prod«cing sulphur ^dioxide and water. , 

• If die gas is mixed ^ith oxygen in the proportions 
l*equire(t 4 )y thJ equation, and subjected to an electric 
spark, it explodes with violence, giving the same pro- 
ducts as when burnt in air. 

S5ffl|5hurett^d hydrogen is soluble in water at o° C. 
fb the extent of 4’3^7o6 parts by vc^lumeper unit volume 
of water. * t 

The density of sulpkurettec>' hydrogen is 17 times 
•that of hydrogen. 1 

* ^ 

WithrS'cV^^tum. — When selenium is heated to 250° 

' C. wil»h hydrogen, chemicaPunion results, with the pro- 
duction of selenuretted hydrogen : — • 

Ho + Se - H2Se. * , ^ 

The resulfing gas, is colourlels, resembling sul- 
phuretted hydrogen in i^mell and in its chemical proper- 
ties. It is, however, much more poisonous^ thalC the’ 
former gas. » « 

Selenuretted hydrogen is inflammable and ^burns in 
the same way as sulphuretted hydrogen. If jjie gas ft 
strongly heated it breaks up ihto its two„constituepJ:s, . 
the selenium being deposited in the crystalline form, , 
Selenuretted hydrogen is soluble in water at 13*2° C. 
to the extent of 3 '31 pgirt^ by volume per unit volume of 
water. * 

The density of selenuretted hydrpgen is 40’5* tjmes 
that *of hydrogen. 
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With Tellufiutn . — When^tellurium is heated to 400'’ 
C.*fn hydrogen, the elements ^oftibine, forming hydrogen 
talluricie : — • 

This gas, like sulphuretted and sel^iurefted hydr#gen, 
is both offensive smelling and floisonous. Like selenu- 
retted hydrogen, on strongly heating it* is de^dmposecf 
into its components, rthc , tellurium being ^deposited in 
the crystalline form. 

Telluretted hydrogen is soluble in water f^^some 
extent, but in course #of time the telluretted hydrogen if 
decomposed and tellurium d/^posited. 

The density of telkiretted^ hydrogen is 63‘5 times 
that of hydrogen. » • 

• • 

« • 

Chemical Combination of Hydrogen Nitrogen^ 

Phosphorus/ and Arsenic* ^ • 

• « 

With Nitrogei^* — Donkin has shown that when a 
mixture of .hydrogen and nitrogen is subjected to the 
silent electric dischi'gc^ a partial union oi the two gases 
tdkes place, with the formation of ammonia : — 

• ^ N, + 3H, = 2NH;,. 

t 

However, thi^ reaction could in no way be regarded as 
commereiat, as the quantity of ammonia produced after 
fhe ga^elthave long been subjected to the silent electric 

• discharge is V)nly just sufficient to be identified by the 
mosf delicate means. 

, ^Recent investigations have, however, shown that if 
the twb gases are mixed and subjected to very great 
pressure (i§oo lb. ^er sq. inch) in the presence of a 
catalytic agent, uijion to an appreciable extent takes 
place.. This process, w+iich is now being used on a 
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commert:iaI scale in Gemany, is k^own as the Haber 
proce*ss, but few detail! ^ to the method of operiMon 
are available. In the earlier stages of the" workings of 
this procesi? the catalytic a^ent was probably osmium,^ 
but# it is C 02 %sidered doubtful if this is still being em- 
ployed. ^ 

* *The Uses of Ammonia. 

Such is^thc importance of ammonia in the existence 
of a ^dern country that it is desirable that some ac- 
^count of its uJe should be given, . observing thatjt is ,not 
improbable t|jat the Haber pr6cess may be put into 
operation in this country if\ the near future, consequently 
enormously increasing the demand for the commercial 
production of hydrogen.' 

^Amjji Qnia or its salts are employed in 'a variety of 
tvayg in maf?^ trades. From it nitric acid, the vital 
necessity*for the manufacture of all high explosive^, (jan 
bew made ; it is an essential for th^ Brunner Mond or 

'I 

Solvay ammonia soda process for the** production of 
alkali ; in the liquid form ’'it iS employed all over the 
world in refrigerating machinery, but its enormous and 
increasing use is in agriculture, where, in the form/of suh 
phate of ammonia, it constitutes one of^ if rfot the most 
important chemical manures known to rn,an. During 
the year 1916 350,000 tons of ammoniujji sulphate 
were produced in this country, the larger proportion qf 
which was consumed in agriculture — a proportion.Jikely 
to increase and not diminish if the demand for home 
production of food continues. ' ’ 

' ^ Properties of Ammonia. 

• Ammonia is a strongly smellmg gas, possessing a ^ 
<nost characteristic odour. It is lighter than air; taking 
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the density ^of hydrogen as ^ir is 14 ’39, and simmonia 
8'5 • ^Ammonia is not in the ordinary sense ^ombastible 
incair, But ff the air h heated or oxygen is supplied it 
fwill burn with a feeble/alriipst non-luminoys flame, in 
accordance with' the following' eq/iation : — ^ 

4NH3V 3O0 = 2N;+ 6HA « . 

c ® 

Ammonia is strongly basic, i.e, it possesses the 
property of combining witft acids to make neutral salts. 
Thus with the common acids — sulphuric acid, ^hydro- 
chlorioaeid and nitric s>2id — it forms salts,^in accordance , 
^ with the following equations : — 

2N.H3 + H,SO, 1 (NHO,S04, 

NH3+ HQ - (NH^Q, 

^ ^ NH;, + HNO3 - (NHJNO^. 

( 

Among the physical properties of aj.iiB^-.fi£f'the out- 
standing features are its solubility in water, its absorp- 
tidn by charcoal, and its liquefaction. 

Solubility AtfMonia in Water, — Ammonia'' is 
very soluble in wafer. Its solubility decreases with 
increase of temperature, and, as'**is of course natural, 
^'increa^es with increase of pre^sui^e. The following 
table for < the solubility of ammonia in water is 
interesting : — 


Temperat^re. 

Grammes of NHj 
Dissolved in i c.c. 
of Water. 

C.c. of NH;j at 
o'" C. and 760 mm. 

o°C. 

• 8 

16 e 

30 

• ‘ .50 

*«75 

7*3 . • 

•582 

1 . '403 

*229 

i__ , 

1 148 

923 

764 

.V 9 

« 306 
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A ^feature of* the ab^cTu^tion of ammonia •by watgr is 
the reductibn of the specific gravity of the solution. 
Thus atT5'' C. a saturated ijoliiytiorbcontaining 34*95 jjer 
cent, of th^igas J3y weight*has a density of *882, while* 
pur^ water tho sanfe temperature has a density of 

Absorption of A^nmonia by Charcoal , — Reference to 
the surface «nergy of charcoal *lia% already been made. 
Its absorption of ammonia is very considerable, but varies 
with 'tlie phy^cal condition of ^e charcoal, aii well^as 
*with the material from which it has teen made. Saussure 
found that freshly ignited boxwood absorbs about 90 ‘ 
times its own volume ,f)f amnfonia, wTiile Hunter has 
’ shown that freshly prepared charcoal ipade from cocoa- 
nut •shell absorbs about 17 1 times its owh volume of 
ammonicT^' 

*. . • . .* 

Liquefaction of Ammonia , — Ammonia is an easily 

liquefiable gas, and consequently it is owing to this 
property that it is employed in refrigerating plants on 
land and in ships, for by the mpil evaporation of the 
liquid gas a high decree of cold may*be obtained. The 
critical temperature of* ammonia, i.e. that temperature^ 
above which by mere pressure it cannot ^be liquefied, is 
1 3 r C, At this temperature a pressure of a^roximately 
1 700 lb. per sq, inch must be applied to procffice lique- 
faction ; if, however, the t$mper^ature is *Dek)w the 
critical one for the gas, the pressure required for jiefue- 
faction is greatly reduced. Thus, if the ammonia* is 
cooled to 15*5° C., a pressure ortoi lb. per sq.^ inch ♦is 
required, while if the gas is cooled to o G., a pressure • 
oT only 6 1 *8, lb. per sq. inch will effect liquefaction. 
Liquid ammonia is \ colourless, motile liquid. * It* boils 
^t “ 33*7° C., and at 0° C. has a specific gravity of*o‘6234. 
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At ~ f 75*' C.' liquid ammonia sojfdifies into a whit 5 crystal- 
ling sol(d. ^ ^ ^ 


a ' With Phosphorus;— ir red phosjphorus is gently 
heated in a stream of hydrogen^ direct ch^tnical upion 
takes place to a small extent, with the production of a gas 
termed “ Phosphoretted Hydrogen " o. “ -Phosp^iiae ” : — c 


2P + pHg == 2PH3. 

^ . Q 

Phosphine is an offensive smelling, poisonous gas 
which in the pure state is not spontaneously^ inflaniP.iable. 
However, its tempera^’ure of ignition, is very low ; thus,' 

• if a stream of phosphine is allpwed to impinge in air on 
a glass vessel containing boiling water, it will immediately 
burst into flame, burning with ^considerable luminosity, ^ 
< in accordance with the equation : — ^ 

PH3 + 2O2 = HPO3 + ’ 

Phosphine possesses an exceedingly intepestin'g re- 
action with oxygen. u Thus, if a mixture of phosphine 
. and oxygen i? Subjected tQa sudden reduction in pressure 
at* ordinary atmospheric terrfperature, chereical combina- 
tion immediately takes place with explosive violence, in 
'^^jiccordance with the equation already given. 

Phosphine, which is produced in small quantities in 
the Silicol process for making hydrogen,^ has under 
certain cof^itions a deteriorating effect on cotton fabrics, 
not as ah irhmediate action but as a secondary reaction. 
The examination of a balloon envelope which burst at 
Milan ^ in 1906 showed that at some spots the material 
cotild be easily torn, \^hile over the greater portion it 

^The total Volume of phosphine and arsine does not exceed 
•025 per jent. and is usuafiy about *01 per cent. c 
(. 2 “L’lnd. Chim.,^' 1907, 7, 25^-258; “Chem. Cent.,^* 

1907, 2, 1460-1461. 
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bowed ^ great /esistance^ to* tearing. Tho dam^^ed 
pots were found to he ifnpregnated with phosphofic 
Lcid and arsenic acid, plroduced by %he oxidation of thfe 
)hosphine aiftd arsine ccmtained m the jiydrogen with 
srhich the balloon Ijad bten inflated. 

• Phosphine in small c^bantities in* hydrogen contain- 
hgovei^P per clnt.*of oxygen attacks copper, producing 
Lii acid liquid which has a jnf)stt corrosive action on 
abric. However, it does not appear under these cir- 
:umstaift:es to have any action on aluminium or zinc ; 
.t)nsequently any metal parts insjde the envelope of 
m airship should be of alyminium. Phosphine under 
he above conditions attocks hemp and other textiles 
vhich have been treated with copper compounds, 
)ut it does not appear to have any action ^01? fabrics 
ree from»*^«ejijgg^ compounds or copper or brass 
astenirigs. , 

Though it has been stated that phosphine is *1101 
ipontaneously inflammable, with quil 4 small admixtures 
)f liquid hydrogen phosphide^t wm|idiately*bursts into 
lame on coming into cmitact with air.^ 

Phosphine produced* by the reaction of watef on 
:alcium phosphide always contains a quantit.y of the 
iquid hydrogen phosphide sufficient to make the* gas 
ipontaneously inflammable. Use of this jJl'o^erty is 
nade in the Holmes’ Light used at sfea as a’ distress 
signal, and also as a marker at torpedo practice. ^ 
Phosphine is soluble in water to a slight extent! 
The solution of phosphine in waker is not very stable,* 
particularly in strong light* when it breaks ^p, deposit- 
ing* red phosphorus. ^ 

The density of phosphine is i7*'5 times thhl of 
lydrogen. 



3? HYDROGEN ^ 

' ' , t (0 

^With Arscnic^—Hydrog.en does pot directly com- 
bme wjth ^irsenic, but if an aVsenic compou^iid is in solu- 
tion in a liquid in whicji hydrogen i? being generated, 
i.e. hydrogen in the nascent state, chemiccjj® union takes 
place. Thus, if arsenious Wide is ,diss<?lved in dilute 
hydrochloric acid and a piece of metallic zinc is*added, 
the hydrogen produced by the action of the a 6 i 9 on thfe 
zinc will combine with ' the arsenic, in ac(jprdance with 
the following equation : — 

, ,, * As A + = 4 AsH, + 6HA 

The gas produced, which is callej:! “Arsine” or 
“ Arsenuretted .Hydrog^en,”*is unpleasant smelling and 
poisonous. It burns in air witl? a lilac-coloured but not 
^ very ' lupiinous flame, thus : — 

" 4ASH3 + 6O2 = AsAi + 6HA* 

If the gas is strongly heated it is decoiT|]DOsed and' 
e^e^^entaI arsenic deposited. 

Arsine is<-produted to a small extent in the Silicol 
process of niakingfhytfrogen, and has a deteriorating 
effect on fabric (sqe phosphine), ‘while with many metals 
* it is (Recomposed, arsenic being tiejJosited and hydrogen 
^ liberated.c It can be liquefied easily (the liquid gas 
boilifig at - §4'8' C), and it solidifies at - ii3'5°C. 
Arsine iJ sbluble in water, one volume of water at o ' C. 
^issolvinjt 5 volOmes of^ arsine. 'I' he density of arsine 

' is'®39 times that of hydrogen. 

. » 

fhamical Combinatipn of Hydrogen with Lithium, 
Sodium, Potassium, Magnesium, Calcium, and 
Cerium. ^ 

The chemical 'combination of ‘hydrogen has sp far 
only been considered with regard to a few non-metallic 
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elements •but now a new fierics^of reactions will be con- 
sidered in which hydro^n^ combines chemically with a 
metal. These metals are those of the alkaline and 
alkaline eartlJ group. , ’ ' ' 

^ With Lithium* — If hydrogen is passed over metallic 
lithium ?!Lteaboutf2oft'' C., the hydrogen is absorbed, not 
as hydrogen is absorbed by platinum, etc., but chemi- 
cally absorbed!, in accordance with the following equa- 
tion 

• .4Li + H 2 = Li4rf^. ^ 

If the resulting ‘lithium hydride is allowed to cool and 
is placed in water it becomes a source oT hydrogen, not 
bnly giving up what it has already received, but also a 
volume twice as much as this, which it has derived from 
the water, seen in the following equation 

• L4H0 + 4H2O = 4LiOH + 3H2. ,, , 

^ith Sodium, — Under sirqilar circumstances the 
' metal sodium ^sorbs hydrogen witlj the production of 
a hydride : — ^ 

4Na + H2 = Na^Ha. / 

This hydride, like that of lithium, behavee in*a si^nilar 
manner with water. It, however, has anotheiiii^eresting 
property in that if sodium hydride is heated it^actio to 
about 300'’ C., the whole of tht hydrogen, is given 
and metallic sodium again remains. • , 

With Potassium, — If themefel potassium isjheated 
in th,e presence of hydrogen, a hydride is formed : — 

4K + H, = K,H2.* . 

’ This hydride has the same clmracteristic reaction with 
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wat^, but* it has ♦a dislihctive reactio^i, in that on ex- 
p6sure^to air it catches fire 

, 2 K 4 H 2 »+-, 9 C>ij =»; 4K2O4 + 2H2O. 

. / 

«,With Magnesium* — If tiyd^ogei) is pyassed ov®r hot 
metallic magnesium the hydrogfen is absorbed ♦ r 

* • A I 

Mg + H. == Mgll.,. 

„ V ^ 

This hydride is decomposed with water, ^^ith the pro- 
duction of magnesium hydrate and hydrogen 
* ' ' ' MgIL. + 2KjP - Mg(OH>^ + 2fl... e 

With Calcium* — If hydrogen is passed over hot 
metallic calcium the hydrogen ic absorbed : — 

• G1 + H 2 - CaHs. 

. ^ 

The hydride is decomposed by watej;^-»erTuing to tjie 
equation — « 

CaH. ^ 2H2O = Ca(OH)2 -f- 2H2. 

Calcium' hydride, unlike the metallic hydrides already 
mentioned, is a commercial pog^sibility, '-and under the 
name of ‘‘ Hydrdlith ” has betin used by the French 
^ Army in the field for the inflation of observation 
balloons. Its use for this purpose is governed by French 
patent I^o.< 327878, 1902, in the name of Jaubert. 

^ Wltli’ Cerium. — If hydrogen is passed over hot 
metallic cerium the hydrogen is absorbed : — 

Cc + H. - CeH^. 

c ' * 

, This hydride is decomposed* with water in the same 
manner as calcium hydride, but as a source of hydrogen 
it is (dv too rare to J^e employed. « 

However, if an alloy'-of cerium with magnesium and 
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aluminium is he^ited its’melting point? in a ^ream 

of hydrogek, the latter i^ absorbed, with t\]^ fgrmafion 
of cerium hydride within thf ajloy^ which, after cooling, 

, possesses t%a remarkable -degree the property of emit* 
ting* sparks %vheu rut)be8 with any rough suiiface. 

• "5hes(* sparks are sufficiently hot to ignite coal gas and 
*petrol vJpour, Tience the employment of this hydrogen- 
ated alloy ij^ the patent ligbt(?rs«which have of recent 
years become so common in this country. 

V 

^Chemical Combiriation of F^yirogen with Animal 
and Vegetable Oil * 

. • o • 

• Owing to the discoveries of M. Sabatier a new 
usejias been found for hydrogen, ancf a vast end ever-i 
growing industry created, known as “ fat hard'^ing 
"Khe chief uses for anirrfel and vegetable fats are Ibr 
^ the making of candles, soap, and edible fats such are 
incorporated in butter substitutes, st\d ge;perically under 
the name of “ Margarine ^ \ * 

Animal and vegete-ble fats arc generally mixtures of 
a certain number of* complicated organic chemical com-* 
pounds, amongst the chief of which may be .mentionedf 
linolein, olein, stearin, and palmitin. • The physical 
properties of these compounds are somewhatwiifferent. 
Thus, those containing considerable propiryons *of 
stearin and palmitin are usually solid at atmospheric 
temperature, while those in which the chief constituent 
is either linolein or olein are liqqjds at such temperatu^je. 

These chemical oDn-^pounds — linolein, olein,* stearin, 
a 4 ;icl palmitin — are what are kne^wn as “glycerides,” 
i.e. Jjbey are compounds of glycerine with an tu-ganic 

* acid. • , 
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IS^ow siflce glycerine fs’^of g^V^at value in a variety of 
ways, cliiefly for the productibn of nitro-gl^cerine, it is 
customary to split these glycerides up into glycerine and 
their organic acid before indulging in ^ny other process. 
This may be accomplished ^by the use of superheated 
steam. Thus, when such steaiii is blown through pd- 
mitin the following reaction takes place : — 

QH,(CioH3A)3 + - 3 H(Ci6H3A) + C,H5(H0)3. 

Palmitin Steam Palmitic acid Glycerine 

Or throisgh olein ; — ^ 

C3H5(C,8H,,0,), + i'H.O = 3H(Ci»H33b3) + CsH^HO)^. 

Olein Steam Oleic acid Glycerine 

The physical properties of, these organic acids are 
• very interesting ‘had important. Their melting p^^ints 
are : — 

Palmitic acid . . *. Melting point, ^2*6" C. 

« Stearic acid . . . . ,, „ 69*3° C. 

Oleic acid . .h . . m 14*0° C.f 

r 

Now this oleic ^[pid^.bwjng to its low melting point, 
is not of great value, as it cannot be used for candles. 
However, the discoveries of IVf. S’abatier have shown 
that under certain conditions of temperature and in 
the i5l-esence of nickel or cobalt (which themselves 
undergo^ 7 io*'permanent change), ‘the low melting linoleic 
and ol€^i(5‘^cids rhay be converted into stearic acid by 
*th& introduction of hydrogen into the liquid organic 
add.* Thus : — 

e • CirHasCOOM + H. - C17H35COOH. ’ 

® Oleic acid • 'Stearic acid 

® o 

The nickel in this process may be introduced into 
j the liquid organic acid by merely adding spongy nickel 
to the ‘•molten oleic acicf; or as a volatile compound 
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known as ‘'Nickel CarbonyH’ it giay be blown in to- 
gether with\the hydrogen# * * ^ 

In either case, for the conver^on of thelindleic smd 
oleic acids jpto stearic acid/thd tbmperature of the ad!d» 
shoi^ld be be^^ween 20^'' and* 220° C. "CVhen the mckel 
i^ introduced, in tfie form of carbohyl, at the same time 

• as the*hydroge?n, ilie carbonyl is decomposed into metal- 
lic nickel and carbon monoxide— the latter taking no 
part whatever in the reaction and being available for 
the pr^uction of further nickel carbonyl. 

• The nickel wl\ich is used hi ^ this process *f 5 ^rfofms 
merely a catalytic function and does not of itself under- » 
go permanent change. Howei^er, its. catalytic property 

« may be destroyed eithfei; by the method by which it is 
prepared or by certain impuritie*s in ttie hydrogen with# 
which thQ#hydrogenation is carried out. While it is not 
‘ impcMcUnt^ that th^ hydrogen should be very pure— In 
fact, it may contain carbon monoxide, nitrogen, c^Ptbon 
^ dioxide, and methane — it is absolutely essential that it 
should be entirely free from |uI{jj[iundioxider sulphuretted 
hydrogen, ar?d othop sulphur compounds, bromine, 
chlorine, iodine, hydrochloric acid, arsenuretted hydro-, 
gen, selenuretted hydrogen, and teluretted hydrogen. * 
If the nickel is introduced into the fatty acid»in the 
solid form it is important that it should ^solutely 
free from sulphur, selenium, telluriun?, arsenia^ ^hloriiTe, 
iodine, bromine. Further, it Ts important -that the niifkd 
should have been prepared by the reduction of the*oxide 
at a temperature not exceeding^oo° C., and should i^t 
have been long exposed <0 the air prior to its use. 

* ‘The weight of nickel used is ^bout 0*1 part to 100 
parts of oil or fatty .acid ; however^ ^larger quantities do 
. no fiarm. After the hydrogenation of the fattjt acid or 
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oil, practically the wjiole of the nickel is recovered by 
merely filtering the hot oil or ^t^y acid. ; 

^ In this note the use of hydrogen in the fat harden- 
ing industry has been* cfescrjbed with partijjular refer- 
ence^ to the conversion of* the runsatura^cl oleic ,and 
linoleic fatty acids fnto stearic*acid. However^ whjit , 
has been said in regard to this mattCr iiS equally appli- « 
cable to the conversion of olein and linolein into stearin, 
cotton-seed and most fish oils being quite^easily con- 
verted into solid fats. 



CHAPTER IIL 

THE MANUFACTURE (|)F HYDROGEN. 

• CHEMICAL SiEtAoDS. 

•’ Tiik Production of Hydrogen. 

• / ••• # 

While all .the processes descr*lbed yield hydrogen, 
some are of merely laboratory use, othe/s of commercial 
*use, and yet others of flsje for the generation of hydro- 
gen for war purposes, under conditions wher^ rapidity ^ 
of produQtjon and low weight of reagents sfre more im- 
p^ttagJt^than the L^st of the •final product. • 

Where hydrogen is wanted for commercial purpi^s^s, 

^ two types of process will generally ie found most use- 
ful : the electrolytic, where not more than looo cubic 
feet of hydrogen are Required per •hour and conditions 
are such that the axygen producecf can be either ad- 
vantageously used or sold locally ; the Iron Contact* 
process, the Linde- Frank-Caro process, 4 )r the B^ische 
Anilin Catalytic process, where yields of 3qpo and more 
cubic feet are required per hour. Hpwever^Jocal con- 
ditions and the requirements •of a particular trade lyay 
make some of the other processes the more desirable.^ 
For war hydrogen may be economically produced at 
a base, and used the/e .for the inflation of airships, or 
the* filling of high-pressure bottles for transport to the 
Kite Balloon Sections in the field. \y here transport con- 
. ditions are difficult it may be* advantageous to generate 

( 39 ) 
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the hydrogen on the fieJd ait. the place where it will 
be'used; then, probably, tl^e ^Silicol, H)}drogenite or 
Hydro^ith* processes^will have the advantage, but here 
« a^ain it is not possible tb sppak with any gngat precision, 
as local conditions, even 'iir war, must Jpiave gre^t in- 
fluence on the selection of the most suitable proems. 

The production of hydrogen erfn be accoiniplished 
by a large variety of methods, which may be divided 
into two main classes, viz. chemical and pRysical, while 
there is an intermediate class in which the pr^uction 
of^hydvbgen is accomplished in two sta'ges, one being 
chemical and the other physical. 

• * • 

Chemical Methods of P, inducing Hydrogen. . 

« « 

The ’chemical methods of producing hydrogen^may 
be divided into four classes : — • 

* . ? ^ 4 ' 

1. Methods using an acid. • ** 

2. Methods usiijg an alkali. ^ w 

3. Methods in which the hydrogen is derived from 

water. 1 * * « 

4. Methods in .which the hydrogen is produced by 
•^methods other than the above. 


• (i) Methods Using an Acid. 

» WitlTlron . — If dilute sulphuric acid is brought into 
pojjtact' with iron, chemicul action takes place, with the 
production of hydrogen and ferrous sulphate, in accord- 
ance with the following equation : — 

t Fe -F H2SO4 =» 1^2 FeS04. 


Theoretically, to produce 1000 cubic feet of hydrogen 
at 30 inches barometric pressure and 40° P. by this pro- 
cess, 1 55 lb. of iron and 2^2 lb. of pure sulphuric acid are 
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required, or a total weight o£ pure reagent^ equal to 
427 lb. per icpo cubic feel oj^hydrogen produced, FtOm 
the figures given above, the approxiijiate cost of rrftiteriaj 
per 1000 cubic feet of hydrogen tan be calculated if tht , 
prevailing prices of irontan4 Sulphuric acid are known. 

, Ofjcourje, pure sulp*hurioacid is not an essential for the 
process, •but allowaifce for the impurity of the sulphuric 
acid and iron must be made in any calculation for cost 
or weight. * * 

The^thydrogen produced by this method varies con- 
siderably in puk'ity. It is liable ^o contain methane t«o 
an extent which, depends on the carbon content of the 
iron ; it may also contain pfiosp^ine, depending on the 
4)hosphorus content of th^ iron, sulphuretted hydrogen, 
deper^ing on the sulphur content of the? iron, ai|d traces 
of silicon hydride, depending on the silicon •content of 
the* irc^-^j^ It is alsd liable to contain arsine or arsenut 
retted hydrogen, depending on the arsenic contenuof 
^he ijulphuric acid, the commercial a€id frequently con- 
taining considerable amounts ofnhis impurity. Unless 
specially treated, the hydrogen produced is always acid, 
and therefore unsuitable for balloon’ and airship pur- 
poses. 

The impure gas produced by this methoS m^y be 
purified by being passed, through or scrubbed b^ water ; 
this will remove much of the acid car.ried by^the gasf, 
dust, and some of the mediant, phosphinp, arsine, apd 
sulphuretted hydrogen. If after this treatment the*g^ 
is passed through a solution of a^ lead salt, the remain- 
ing acidity and sulphuriCtted hydrogen can be removecf. 
Tlji^ method of the treatment of ^ the inf^ure gas is 
covered by English patent 16277, 1896, in the names of 
. Pratis and Marengo. Furthv patents in connection 
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with' thiSj method of produgng hydrogen have been 
tak^n out by Williams (E^igl'ish patenu8895, 1886), 
Jrlawlvins* (English, patent 15379, 1891), Pratis and 
t Marengo (Englisli pkteht 15509, 189^), Hawkins 
(English patent 25084, f ^97)4 and 'Fielaing (E^igiish 
patent 17516, 189K). * ' 

* * ^ ^ c 

With Zinc. — If dilute sulphuric acid is brought into 
contact with zinc, clAimictil action takes place, with the 
production of zinc sulphate and hydrogen, in ac^cordance 
\Yith^tJie following equation : — , * ^ 

Zn H2SO4 = H2 + ZnSO^ 

TheoreticaUy, to produce 1000 cubic feet of hydrogen 
at 30 inches barometric pressure and 40'' F. by this pro* 
cess, 180 lb. of 'zinc stnd 272 lb. of pure sulphuri4: acid 
are required, or a total weight of pure reagents equal to 
!|.52 lb. per 1000 cubic feet* of hydrogen pro^uae<i 
• ^The hydrogen produced by this process is liable to 
fewer impuritjes tlfen when iron is used, but it is alVays 
acid and liable to contqhi ^rsine if commercial sulphuric 
acid is used. ^ • * 

, The zinc sulphate produced in this process can be 

• turned rnore easily to commercial account than iron 
sulphate. If <0 the solution of the zinc sulphate result- 
ing frg^pi <he process sodium carbonate or sodium 
fiydrogeii* carbonate is added, a precipitate of hydrated 

• zioc basic caibonate or zmc carbonate is obtained, which 
on ignition in a furnace yields zinc oxide (commercially 
kngwn as “zinc whije”), water, and carbon dioxide, 
^inc white has a commercial* value as a basis or body 
in paints ; i? has oqe great advantage over white ^e^d, 
whiq)>is used for the same purpose, in that it is far less 
poisonpus. This method of treatment of the residual 
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zinc sulphate is the subject of* a patent bj; Barton 
(English patent 2^534, , 

The previous list of patents for the reactiofi of iron^ 
and sulphuric* acid’ also cov^r the use of zinc andp 
sulphuric acid'for the pnodujWon of hydrogen. 

. Jher^ are c^er* metals which will yield hydrogen 
with suljSiiric ac*id, %uch as cadmium and nickel, while 
many metals will yield hydrogen with hydrochloric acid, 
such as tin, ifickel, and aluminium. However, these 
reactions^cannot be regarded as commercial means of 
producing hydrogen. ^ , ••• » 

• • 

(2) Mctjiods U^ng an Alkjli* 

^ With Zinc; — If a sofution of caustic soda in water 
is brought into contact with metallic ^ zinc, ^ chemical 
reacjtion takes place, with the production of sodium 
zincate^iSfid# hydrogen. The reaction is expressed in* 

following equation : — * • 

• # 

Zn + 2 NaOH =. +.Na2Zn02. * ^ 

Theoretically^ to produce 1000 cdbic feet of hydro- 
gen at 30 inches barometric pressure and 40'' F., 180 lb. 
of zinc and 224 lb, of pure caustic soda are required, or a 
total weight of pure reagents equal to 404 lb. per j ooo 
cubic feet of hydrogen pnoduced. • ^ 

ITe hydrogen produced by this process is g^er^erally* 
very pure, but, depending on tlfe purity of the zinc, it js 
liable to contain arsine. As the gas is alkaline, owing 
to the caustic soda carried in susj)ension, it requires^ to 
be scrubbed to make it suitable for balloons and air- 
ships.* ^ * 

modificatfon of this process ha§ been the subject 
•of a patent. Zinc as a fine p(^wder^is mixed with dry 
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slaked lirpe ; then when-hydxogen is required, the mix- 
tUr^i is heated in a retort apd^hydrogen is evolved, the 
rfeaction being expressed : — 
r " Zn + Ca(OHja = H2 + CaZnOo.V 

. In this modification of^the process /o produc'e 1000 
cubic feet of hydrogen at 30 inches barometric pressure 
and 40" F., 180 lb. of zinc and 207 it. of slaked lini'e 
are required, or a total weight of pure reqgents equal to 
387 lb. per 1000 cubic feet of hydrogen produced. 

By the substitution of magnesium hydroxiale instead 
of slaked lime a similar reaction takes place, but tne 
total weight per 1000 cubic feet of hydrogen produced 
is reduced to 3^41 lb. '' 

This process, with its ifiodification, is covered by 
a pateht , by Majert and Richter (^English ^patent 
4881, 1887), and is primarily intended as a process for 
‘the generation of hydrogen in the field for dh(?*?hflatioh 
b^ observation balloons. ^ 

V i. 

'I'lIK llVDRlK. ORr Ai.UMINAI. PrOCESS. 

« < 

With Aluminium. — If a sj)luj:ion of caustic soda is 
t brought into contact with metallic aluminium, chemical 
reaction ‘ takes place, with the production of sodium 
aluminate and hydrogen, in accordance with the follow- 
ing equation :-~ 

, . ,2AI + 6NaOH = 3H3 + 2Al(ONa)3. 

« flTheoretically, to produce 1000 cubic feet of hydrogen 
at ,30 inches barometric pressure and 40° F., 50 lb. of 
* aluminium and 225 lb. of pure caustic soda are required, 
or a total weight 0/ pure reagents equal to 275 16 . per 
lOOQ cubic feet of hydrogen. 

The hydrogen produced by this process is generally 
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•*> * * ^ ^ ’ 
very pure, but the^ga5 is ^reguetifly alkaline from minute 

traces of caustic soda carried in suspension, which musi 

be removed by scrubbing with water tjefore the hydVogem 

is suitable for^alloons and airshijJs. 

\ * 

The SilIcol Process. 


With Silicon. — I f a solution of caustic soda is brought 
into contact ^ith elemental s11ico^^, chemical reaction 
takes pla^e, with the production of sodium silicate and 
h)jjirogen. Th« following equation was supposed to 
represent the reaption : — * 

Si + 2NaOH + Hjd - N^^SiOa 

^ Theoretically, to produte looo cubic feet of hydrogen 
at 30 inches barometric pressure and 40 F., 38^8 lb. of 
silicon and 1 1 1 lb. of pure caustic soda are required, or 
a total^^ight of pure reagehts equal to 149*8 lb. peir* 
^000 cubic feet of hydrogen. • 

The gas produced by this process*1s singularly pure, 

• generally containing 99 9 per pent, hydrogen'* by volume 
(if the water vapour is removed before analysis), *01 per 
cent, of arsine and phosphine, ‘005 per cent, acetylene, 
the remaining impurity being air, which is il^troduced 
in the powdered silicon and also in solution iry the 
water. • ^ 


In working this process practically*; pure ^s*^jicon is'*' 
not used, high-grade ferro-silicon, containing 82-92 per 
cent, silicon, being employed. As will be seen from* the 
above equation, theoretically 2*86 parts of anhydrous^ 
caustic soda by weighs should be used for jone part of 
silicon. However, in working in practice, one part of 
pure silicon and 17 parts of pure caustic soda arfe.em- 
• ployed. This discrepancy between the theoretical 
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(Quantity "of soda and tRat actually us^d has been invest!- 
’'gated by the author, who ((Originally consMered that the 
^following reaction, might be taking place : — 

c Si + 2H2,0 = SiO. + 2H.U /' 

0 ^ ^ Cl 

That is to say, the silicon was being oxidise^ by^ the; 
oxygen of the water, and hydrogeit liberatedw 

The first experiment performed was the heating of 
the ferro-silicon ^ (92 per cent. Si) in a fla^k with boiling 
water ; the resulting steam was condensed, ^ut there 
^was^nb residual gas. , Therefore it Wcts concluded that 
at the temperature '^of boiling whaler no, reaction between 
ferro-silicon ar4 water took place. 

Remembering that the .jcmperature of the causv^' 
soda solution used in the silicol proce.ss is above ^,oo' C., 
frequently rising to 120 C, it was thought that a higher 
temperature might perhaps produce the susjjgi:ted re- 
daction ; ferro-silicon was accordingly heated in an at-^ 
mosphere of steam in an electric resistance furnace To 
a temperature of 300" C, but still no hydrogen was , 
produced. Consequently it was concluded that the ex- 
planation of the smaller consumption of caustic soda than 
would b| anticipated from theoretical considerations must 
be explained on some basis other than the reaction of 
silicoi^with water. ^ 

* T^.next experiment attempted was the heating of 
ferro-silicon, with sodiuili silicate, i.e. with a pure form of 
product of the usual equation. When ferro-silicon 
w^ heated with an ^aqueous solution of pure sodium 

monof-silicate, considerable quantities of hydrogen were 
<■ 

1 The ferro-silicon employed was of French manufacture. I^have 
sinc§ found that somWhigh-grade Canadian ferro-silicons give traces 
of hydrogen with water under^'the conditions cited in the experime^pts.’ 
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evolved, thus wan;^nting ^he condlusioa that the ordinary 
equation — • ^ ^ ^ ' 

Si + 2NaOH + H >0 = Na.^Sipa + 2H2 " ' 

.• * “ 

is not entirelj^corr^ct, and that a silicate jricher in silica ' 
than that indicat^^ed hi the equation was formed, and that 
•profcablj the fonowing reaction proceeds to some ex- 
tent 

Si H^NaoSiOy + + 2II0. 


Assuming this second reaction to take place at the 
Seme tirith as thp first, the reaction can be expressed 
2Si + 2NaOrt + 3H.P = Na-^SioOr, + 4H2, 

which is equivalent to 1000 cubic feet, of hydrogen at 
inches barometric pressure and 40" F. being produced 
by 38^ lb. of silicon and 55*5 lb." of caustic s<^da] the 
ratio of pure caustic soda to pure silicon beihg as 1 ‘43 
is tb 1%^ > 

Using a plant producing about 30,000 cubic feet^of 
^Rydrogen per hour, it was found that ^1*9 parts of caustic 
i soda (76 per cent. NaOH) to i part of Canadian ferro- 
silicon (84 per*cent. Si) gave very ^satisfactory results, 
the ratio of the puro reagents being' as 172 parts of 
caustic soda by weight to i part of silicon. •> 

Theoretically, 22*5 cubic feet of hydrogen should Jiave 
been produced per lb. of the commercial ^erro-silicon 
used, but in practice it was found that 207 cubic^feet were , 
obtained, the discrepancy of i‘8'‘cubic feet b^ing to^some , 
extent accounted for by the protective action of impurities* 
loss through leaks and also by hydrogen being mechani- 
cally carried away by, the water used for cooliog the*- 
issuiifg hydrogen. ^ • 

Description of Silicol Plant. — '^he essential^ of a 
'siycol plant are shown in the diagram (Fjg- s) * The 
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requisite quantity! of cAustic sqda is placed in the tank 
6n the right and the necessary water added to it to make 
•a 25 per cent, solution. To assist solution there is a 



stirrer in this tank, ’-which, in small planfs, is hand-oper- 
ated and in large o^i^es power-operated. When the whole 
of the taustij' soda has gone into solution, which it readjly * 
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does as a result of the heaX of solution and the stirring, 
the valve D fs opened, blowing the whole of the sdda 
solution to run via the pipe^ into the generator. AVhe» 
the solution h“as run from th^*caustic soda tank into th^ 
generator the valve !> is ffesed, then the necessary 
, qu^tity^of ferro-silicon is placed in ‘the hopper on tTie 
top of the? genei^tof and the lid of the hopper closed, 
making a gas-tight joint. In smt^l plants a little mineral 
grease is addid to the generator, via the grease box. 

The4;)lant is then ready for operation, and silicol is 
captiously fed iiYto the generator by means of th^ 4 fand- 
operated feed worked from F. 

During the generation t!ie fly id charge in the gene- 
■•r^tor is kept stirred by nfeans of the stirring mechanism 
worked from G. • The hydrogen produced passes Ihrough 
the tube oondenser (where it is cooled and *thus freed 
from steam ^ and theh on to the gas holder. • 

An excessive pressure, due to rapid generation •of 
Iiydr6gen, is guarded against by meidis of a water seal 
as shown. ^ \ 

When generation is complete, tlfe resulting sodium 
silipte solution is rapidly run out via* the trapped dis- , 
charge pipe and the interior of the generat(?| washed < 
with cold water supplied from the tap B. Thermon^ters 
at Ti, T2, T3, and T4 enable the temperature^at dif- 
ferent parts of the apparatus to be observed ^jtnd, iN 
necessary, controlled, * . < 

The description of the apparatus has, of necessity, t(\ 
be somewhat general, as these plants are made in sizes 
varying from 1500 to 60,000 cubic feet per hour produc- * 
tiou &nd consequently differ in detail ; thfls, in large 
plant^, the tube* condenser is not employed and the hot 
•hydrogen passes up a tower packed with coke^ down 
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whicn wafer is falling.* Futtljjer, in Jarge plants, the 
generator itself is water-jacketed, as the heat of chemical 
reactidn would otherwise be excessive, 
t ^ The silicol processt ha‘^ the advantage of giving a 
very great hydrogen prodyctioti per‘hour from implant 
of small cost — its* disadvantage is that at j^he gre- ^ 
vailing cost of the reagents emplo}^ed‘‘the hydfogen kj 
expensive. 

To sum up, this process is exceeding!^ useful where 
large quantities of hydrogen are from timeijo time 
rfequ«\?d, but it is not t)est proce^ to use whore 

there is a constant hour-to-hour demand for hydrogen. 

* 

The Silicon Content of {he Fcrro^Silicon*— The 

grade of ferro-sj^icon ^used in this process is very import- 
ant, as low-grade material does not yiefi anythirfg like 
the theoretical quantity of hydrogt'n which should# be 
obtained from the silicol present. This arise?s to a slight 
extent from the protective action of the impurities, whisi^'^ 
enclose pafticles of silicon and therefore prevent the 
caustic soda from ^att^ckifig it. 

The curve (FJg. 4), obtained experimentally, shows 
\ that to get even moderate efficiency ferro -silicon of over 

80 per c/nt, silicon content should be used. 

f 

Tfee Dzgrce of Fineness •of the Ferro^Silicon* — 

•^he ^gree of ‘subdivision of the ferro-silicon is also 
‘ important, not so much because of its effect on the total 
4yieW of hyjdrogen, but because of its influence, on the 
rapidity of generationj_ 

Fig- 5 indicates the speed o£ evolution of hydrogen 
from two simples of the same material, under ideViljcal 
conditions, except^ that one sample was much eparser 
than the other. 
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'rile Strength pf thfe (iausjic Sodjt.— The strength 

of fh*e caustic soda is very important in'^thi^ process. If 
the solution is too 4ilute, a very poor yield of hydrogen 
» is* obtained, and also 2.nother difficulty i| introduced. 
When the caustic soda sblutiot*! is very weak, on the 
introduction of the ferro-silicon dr “ silicof” reaction takes # 
place, but the whole solution froths* vidlently,^tlie frotlT 
being carried along the |)ipes from the generator, causing 
trouble to be experienced in the valves, and tending to 
ultimately block the pipes themselves. On ti^e other 
h&nd,"fte caustic soda /solution may be \oo strong, 

this case, before the whole of the caustic soda has re- 

« 

acted with the ’requisite amount of /iilicol, the solution 
becomes either very viscous or* actually solid, so a poor* 
yield is \obtained and* the sludge cannot be got i'ut of 
the generator without allowing it to cool down and then 
digging it out by manual labour. * t 

< ’The following laboratory experiments with ferrq^^ 
silicon containing *92 per cent, silicon and caustic soda 
containing 9^ per cent, of spdium hydroxide illustrate the 
effect of soda solutions of varying strength, and also the 
« effect of varying ratios of purlfe silicon to pure sodium 
* hydroxid^ From these it will be seen that the most 
econoj^Tiical results are obtained when a 40 per cent, 
solutioji; of •caustic soda is employed and the ratio of 
^silicon ^ptsodium hydroxide is approximately i to 1*6. 

» In practice such strong solutions are not used, as, 
ftwillg to th/^ evaporation of a good deal of the water 
^uring the process, to\j^ards the end a degree of concen- 
‘^tration^ would be reached \^hich would prevent the 
sludge from being nan out of the plant. A solution c©n- 
taining- about 25 per cent, of caustic soda is found to 
give in« practice very satisfactory results. Such a solu- ‘ 
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tion of commercigil caus|c? soda,* contsiining about 2^ per 
cent, of pur^so^lium hyd^te, has at 100° F.^ a specific 
gravity of approximately 1*^2 — a«figure which *is veiy 
useful to r^ember, as by means of a hydrometer*a* 
rapid# check can be made s)f the caustic soda solutj^on 
» .being jgfepared for use ih the process. 

• The 1 *atio ol* silicol to caustic soda should be such 
that the ratio of pure silicon jto pyre sodium hydrate is 
as I to 172, but this figure is capable of modification 
to a sli^t extent, depending on the temperature of the 
fixture, which* is iviturally higher in large plants thin 
in small ones. • 


Experiment. 

• 

• 

Strength of Soda 

Solution. 

• 

• 

•lyitio of Silicon 
to pure Caustic 
Soda. • 

Yield in Cubic Feet per lb. 
of Silicol. ft 

1 (ift 30" Bar. /nd 6o® F.). 

• 

!• 

'' 

to per C(?nt. 

1 1« 0 745 

13*62 • 

2 

10 „ 

1 „ 1*065 

14‘30 


10 „ 

1 „ 1*480 

, >5-36 

*4 

10 ,, 

1 ,, 3'200 

, 16*80 

5 


I „ 0 8^2 

^9-35 

6 

30* M 

' ..•213 1 

► 23*90 ^ - 

7 

30 

' .. 3'' 9 

. 23’58 

8 

40 M • 

•1 ■„ 1-58 

24*10 

9 

40 

1 „ 319 

2^*50 




The Use of Slaked Lime instead of Cgusty Soda* 

— The experiments already described indicate that 
obtain hydrogen from ferro-sittcon a base.must Idc used, 
to reaf:t with it. It therefore occurred to the a»thqf 
that the cost of the operation of the process might be 
reduced by the substitution of slaked lime for* causti?r“ 
sojicf. ^ • 

^ Theoretically the maximum possible yi^^ld under these ^condi- 
tions of temperature and pressure wo^ld be 2 5 ’4 cubic feet per lb. of 
stticol of ^his purity. 
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Y^aboratory experime^nts, iHsi|ig ferrp-silicon contain- 
irfg 92 per cent, silicon and pyre slaked ^lim;fe, were made 
to see if the following reacdon took place : — 

' Si + Ca(OH)j '+ H2O = CaSiO, + 2^j. 

^The results of these exp6rin\ents indicted that when 
I part of ferro-silicon, 2*5 parts 0/ slaked yifie, and' 
10 parts of water wer^ used, a yield of r53 cubic feet 
of hydrogen was obtuined per lb. of ferro*si!icon used. 
Theoretically, under the conditions of the experiment, 
2 1*4 fj^bic feet should have been produced p^r lb. of 
ferro-silicon ; consequently it can be safely concluded 
that without an external supply of heat the suspected 
reaction only tafces placfc to a v^ry limited extent. 

Remembering that slaked lime will decompose 
sodium silicate, producing caustic soda and ca’lcium 
sHicate, in accordance with fhe follovnng equation :—t 
NajSiOg + Ca(OH)o = 2NaOH + CaSiOg, 


it was thougljt thdc the following reactions might tskT 
^^^lace if both^'caustic sod^' aijd slaked lime were employed 
at the same time *■ 


t (i) 2Si + 2NaOH + 3H20^ = NajiSiaO., + 4H2. 

‘ (a^Na^SbOg + Ca(OH)2 = aNaOH + CaSiaOg. 

Sifice the caustic soda in the solution would be re- 
generated affter it had reacted with the silicol, it would 
De availcWe for reacting with yet more silicol, and would 
‘consequently ‘reduce the quantity of caustic soda used in 
file process. - 

^ ‘The following exporiments, using a mixture of slaked 
lime and caustic soda, appear icy indicate that the sur- 
mise was partly or \Vholly correct, for with approximately 
only half as muclf* caustic soda as ferro-silicon a .yield 
of almost 16 cubic feet •‘of hydrogen per lb. of ferrp- 
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silicon was obtaii^ed. %<coAtritsting^ these e:^perifn^nts 
with those alf^eac^ given, uSing caustic soda alone,* it* Arill 
be seen that the yield obtained froiq the caustic %oda k 
much greater than that whiqh would have been obtained • 
were <io lime present, ^hjrfier in operating on a la^e 
^scale eqmlly gcJod results would be obtained has not yet 
fceen determined.^ • 


Experiment. 

• 

Ratio of Silicon to 
pure Caustic Soda. 

t 

• • 

Ratio of Silicon 
to Lime. 

Yield in Cubic Feet 
per lb, of Silicol at 
30" Bar. and 6o° F. 


• 

• 



I 

I to 0-426 

I to 1-5% 

14 '95 

2 

I „ 0-426 

* I „ 2'72 

'5‘9S 

3 

1 „ 0V26 

1 „* 3 'o 4 

t5'2.? 


The Chemical Composition of the Sli^dge* — The 

ecfuayons which ha^e already been given indicate that the 
products of this process are hydrogen and sodium disifi- 
^ate in solution in water. Since, hs>wever, neither the 
ferro-silicon nor caustic soda employed a!*^ pure, in the 
practical prodwetion of hydrogen by this method, ^pro- 
ducts other than thqse jjiown in the equations are found. 

* The commercial caustic soda employed always con-* 
tains a certain amount of carbonate of soda, Which takes 
no part in the reactiop and is found unaltered^ in the 
sludge. The same remark applies to the iron edntain^^ 
in the ferro-silicon. • * ’ - 

The following analysis gives the cherhical coi^posi- 
tion of the sludge produced when 1414%. of ferro- 
silicon, containing 8^ ppr cent.*of silicon, and ^2688 

, ^ Since the above experiments the auti^r has foifnd that there is 
a patent for the mse of lime in conjunction with caustic ^oda and 
silicon, which, under the name of “ Hydrogtnite,” has been employee 
hy the French Army for inflating observation balloons in the field. 
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of (^ukic soda, containing 76 pe| cent. 9f^sodium hydrate, 
wa'fe ‘employed. Besides the^sludge 2^30^ cubic feet of 
kydro^en was pro(^wced, measured at a temperature of 

I 6b" F. and a barometenof 30 inches. * 

I • ' 

Chemical CoMPol^rnoN of ^LU^iE. 

• * Cent. 4 

0 r b| ‘‘height. 


Moisture 

• 2774 

Silica . . . ‘ . 

■ 3679 

Sodium carbonate \ 

. 6 '04 

Soda (NaoO, other than carbonate) 

. 2o-o8 

Insoluble and undetermined 

• ^ 9-35 


' 100*00 


Chemical Composition or Soda Soi.ution Used. 


Caustic soda ** , ! . . 24 ’^ 

Sodium carbonate . • . . • 3’o 

Specfijc gravity M 100*’ F. . . . 1 . 14324 

Chemical Composition oi Ferro-Silicon Used. 

• * t * 

Silicon ........ 84 o 

, •Iron 6-9 

Aluminium . 0 , 5 ’3 

Carbon / *2 

Undetermihed . ■ • 4 • • 3'6 


« « 

Screen ^ Analysis of Ferro-Silicon. 


Throug^^ 

)> 

20,, on 

30 . 


Grms. 

• 141’5 


^er Cent 
10*28 

30 » 

40 . 


. 85-0 


6*1 7 


^40 „ 

50 . 


98*0 

= 

7*11 



60 . 


• 85-5 


6*2 I 

jj 

60 „ 

70 . # . 


■ 103-0 


7-48 


7, 

80 . 


117*0 

= 

8-49 

• 

?o „ 

90 . 


/) 4 'o 

= 

4-64 

j» 

90 » 

100 . 


104*0 


. 7-55 


100 „ 

I 20 5 


8r *0 

= 

5-88 

c 

Jf 

120 „ 

150 . 

* . * 

• 338-0 

= 

24-53, 

V 

I jo „ 

20p . 


89*0 

= 

6-46 

Passing 

t 


200 . 

1 

C 


. 70*0 

1376-5 

=5 

512 

99 - 94 ‘ 


V 

.€ 


^Standard I.M.M. screens. 
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The Use of*I!|^ineral| Grras^. — Tp reduce the^fi^th- 
ing and primTjigVi this process it is customary to* intro- 
duce a little mineral grease, which ^oats on tlie surface 
of the caustic soda solution and iprevents the formation • 
of thok froth to a considerably Isxtent. 

A About 32 18. of mineral grease* are advocated per 
tooo lb. of silicol lised. However, if the caustic soda 
solution is strong, i.e. about 25 percent, sodium hydrate, 
and the generator is wide, giving a large surface and a 
shallow Siepth to the caustic soda solution, no grease 
n^ed be used at* all. * * • 

« 

Precautions to*be Obscrvect — In tkis process very 
great care must be takeif in the introduction of the ferro- 
silicoif. When the ferro-silicon* is 5 ttacke(^%y the 
caustic soda large quantities of heat are given out, 
raising the ♦temperature of th*e caustic soda solution. \( 
t]ie caustic soda solution is cold, ferro-silicon can ‘be 
introduced into the solution far more* rapidly than it is 
attacked by the soda; consequently there ‘is likely tq^ 
exist an accumulation of ferro-silicon in the solution,* the 
teQiperature of whidi is* gradually rising. A certain • 
critical temperature is ultimately reached when J;he whole * 
of the accumulated ferro-silicon is ‘almost instani^y at- 
tacked, with large yield* of hydrogen and cf)nse'i|uently 
the production of high pressure in* the generator^ 
Several explosions have been caused in* this country • 
from this reason. While it is impossible jto give*any» 
definite figures, in the ordinary cc^mmercial plant for ith^ 
production of hydrogen by this process the ferro-silicon*^ 
should be added in small quantities, with a period of 
waiting between each addition, unt^f the caustic’ soda 
• solution reaches- a temperature* of about 1^80° F. At 
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thi^t^mporature, \yith a* 25 pericent. solution of caustic 
soda, liigh-grade ferro-silicon*is almost i^ist^htly attacked, 
SK) it can then be ^ded continuously at a rate which 
I cfoes not produce a pressure above the working pressure 
olf^the plant. • , * • 

In plants for the operation 6f this process 11^ red# or 
white lead whatever should be useS for makfng joints! 
as both these substances at a comparatively low tempera- 
ture are reduced to metallic lead by ferro-silicon, with 
the evolution of large quantities of heat and thtf produc- 
tfon ofTncandescence, tjie reaction tgking' place with sufth 
rapidity as to constitute almost an explosion. This can 
be easily illustKated \^y making a mixture of finely 
divided ferro-silicon and dry refl lead, in which the ratio 
of the tVo is I {fart oT pure silicon to 12*2 parts ®f red 
lead. iriTmatch or the end of a cigarette is put to this 
mixture it goes off violentl/, with the production of great 
heat, in accordance with the following equation : — 

^ • Pb 304 + ^2Si = 3Pb + aSiOo. 

“^rhat the temperature produced is exceedingly high can 
be well illustrated •by putting, •say, half an ounce of an 
• intimate dry mixture of ferro-silicon and red lead, * in 
whiclj tht proportions of the active principals are as 
indicated ir^ the above equation, on a sheet of thin alu- 
#!fninium, .say iV pf an inch thick. On putting a match 
. to thi? mixture it will be found a hole is melted in the 
aluminium sheet.^ 

All air rnust, if possible, be excluded frorn the plant 
-^^rior to the introduction of the ^caustic soda, as other- 
wise in th^early sjages of generation of hydrogen ^an 

explosive, mixture /night arise which om ignition would 

• • • 

• ^ The melting polht of aluminium is* 658° C. 



CHEMICAL METHODS 59 

•• ^ J 

produce a dangejous ejlplosfon* Suphjgnition fnfght 
arise from a spar^ produced from the mechanism m'sfde 
the generator, by ferro-silicon conning in contact witlf 
red lead whith might have, been used in making the • 
joints.in the plant, by mcan^scence produced by t^ 
►jeactioa^f ferro^silicon with caustic 'soda itself. If an 
intimate mixture* of powdered caustic soda is made with 
ferro-silicon in the ratio indicate'd^in the equations on 
the silicol process, and this mixture is just moistened 
with watf^, hydrogen is rapidly evolved and the reacting 
nfass frequently *becQmes incandescent. Such conditions 
might arise in a* plant for operation^ of this process, by , 
the caustic soda being splashed on to -some recess in 
the generator, there becbtning concentrated, and ferro- 
silicoM coming* into contact with tfiis con|entrated • 
solution. It is for this reason that caustic soda and 
ferro-silicov should *never b^ stored in close proximity 
^ each other, as this dangerous reaction may arise from 
the breaking of drums containing the* two. reagents. 

Since this process is gen^raMy operated* in conjun^ 
tion with a gas-holder, the most easy way to exclude air 
is^to allow hydrogerl from the gas-holder to blow back , 
through the plant prior to putting this in' operation. • 
Hydrogen equal to about four timfts thevolume^f the 
plant is required to thofoughly exclude the«air. 0 

The following patents with regard to this proems af^ 
in existence : — * • • 

Consort. Elektrochem. Ind. — English patent 2f03.\ 
September 14th, 1909. ^ . - 

French patent 418*946, July 18th, 1910. 

• English patent 11640, May 13th, 1911.^ 

Jaubert — I^rench patent 430302^» August 6th,* ^910. 
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^ There is a modification i( this method known as the 
hydrogenite proces^s whei'eby the use of an aqueous 
solution of cailstic soda i^ avoic’ed. ' 

An intimate niixture of ferro-slliccxi and powdered 
caustic soda or lime is packed in sii’‘on>g cylii?4tfs coi^- 
municating with a high pressure storage. By means of 
a fuse the temperature is locally raised so that chemical 
reaction takes place, with the production of fiydrogen 
and medium and calcium silicates. . ^ 

This modificatk n is covered ty Jaubert, English 
patent 422296, 1910; Pmglish patent 153, 1911. 

With Carbon*— If caustil: soda is heated to dull 
' redness Js^th charcoal or anthracite or some otheV form 
of pure carbon, hydrogen is evolved and sodium carbon- 
^Ate and sodium oxide produced, in accordance with the 
fbllowjng equation : — ^ 

4N'aOH + C = Na^COa + NaoO + 2 Ho. 

♦Theoretically, to produce 1000 cubic’ feet of hydro- 
gen at 30 inches barometric pr^ssu»'e and 40° F. by this 
c process, 2t2 lb. of caustic soda and 16*61 lb. of carbon 
are requited, q/ a toj^al weight of pure reagents equal to 
238 oi per pooo cubic feet of hydrogen produced. 

^ The hydrogqn produced by this process would be 
^ liable *co contain traces ef methane, arsine, and sulphu- 
retted hydrogen, the amount depending on the purity of 
the coal used. 

A tnodification of this process, whereby the caustic 
soda is repla^ced by^slaked lime, is covered by a patent 
taken^out;. in U.S.A. by Bailey in 1887. 

Wfih a Iformate or Oxalate. — If scHium formate ‘ 
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heated with cau^ic sodalim the form^of soda» limft, 4 he 

following reaftioStakes plate : — • • ’ . 

H . COONa + NaOH,= Na, 0 O^ + H,. 

• • ^ 

This method has bdten u^d for the ’production of 

hydrogen in the laboratory ; *howevet, it cannot be 
^rded fffl^ingularly convenient. 

If the sodium formate is replaced by sodium or 
potassium oxalate a similar reactioi? takes place : — 

Na2C204 + 2Na()H = 2Na2C03 + 

* This last method^ it is interesting to note, waV em- 
ployed by Amag'at for the preparation of the hydrogen 
for his classic experknents on the»relation3hip of pressure 

to volume. * • ' . . 

• » 

• • • 

# * 

(3) Methods in which Hydrogen is Derived from 
• . • Water. , 

t 

^ Hydrogen can be derived from waiter ^ by meins of 
the alkali and alkali earths groups of metah, but since 
all these are exj5ensive, the production of hydrogen f»om 
these sources is limited* to the recjuirements of the ^ 
chemical laboratory. ^ * 

With Lithium, — If ^metallic lithium is^ placid in 
water it is attacked by it, in accordance wit 1 i 
following equation, with the production of hydrogen 
and lithium hydrate : — 

2 Li + 2H0O = 2LiOII + Hjj. 

> - f 

It is interesting to -note that since metallic lithium* 
has a* density of *59 (the smallest density of^ any solid), 
it floats on the*|urface of the watejj while it* is being 
•a'ttacked. 
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^ Withe Sodiuip. — If riietdlic sodjum is placed in 
water it is attacked by it, in' accordan ce with the follow- 
ing equation, mt\}, the production of hydrogen and 
Sodium hydrate : — ( 

• ' ti 

2Na + 2H.2d - 2NaOH,+ Hs- 

a « <1 

Since considerable quantities of» heat are d^rven oiji 
when the sodium is attacked by the water, much of 
which heat is communicaVed to the metaf, it frequently 
melts while being attacked, the melting point of the 
met^li^eing 95*6° C. 

While the abwe equation expresses the principal 
reaction which takes place, a second reaction also 
occurs, leading to the production of sodium hydride, 
whiih is somewhat unstable under these conditions and 
occasioifirly explodes with violence, to avoid which a 
^piece of apparatus has been design :d by J. Rosepfeld/ 

With Potassium. — If metallic potassium is placed*'ia 
water it is*' attacked, in accordance with the following 
"equation, with the production of hydrogen and potassium 
hydrate ; — ^ ^ » 

< ' 2K + 2 H ,0 - 2KOH + H.2. 

.9lich is the heat which is liberated during the re- 
action^that'if a piece of potassium is placed in a bucket 
of wpter, the hietal is carried to the surface by the 
vigorous stream of hydrogen produced, and there be- 
• comes so hot as to ignite the hydrogen evolved, 
c ‘ The satne remarkc which have been made as to a 
secondary ^reaction with regard to sodium, appljj with 
like force to potassium. 

, t * • 

^ “Prakt. Chem.,” 48, 599-^1. 
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With the Alkaline Earths. * * , 

• V . ' 

With Ma^ne^um. — innetallic magnesium Jsj)laced 

in water which is heated to it^ boiling point, hydrogen ii 
slowly evolved, in .accoi^anoe with the following equa- " 
tion, producing hydrjDgen an<i magnesium hydrate ; — ^ 
W • .N, Mg + ,2H.0 = Mg(OH)., + 

To accelerate the reaction, the*magnesium is gently 
heated in a tube and steam passed ^jver it. 

With'^alcium , — If metallic calcium is placed ip 
water at ordinary atir/ospheric temperature it decomposes 
it in accordance 'with the fr^llowing equation, producing 
a vigorous stream of hydrogen a«nd calcium hydrate : — 

Ca + 2II0O = CafOHV + Efc. 

f , • ' " ^ 

With Strontium* — A similar reaction to that already 
given for calcium tal^es place,' but somewhat more vigor- 

*'*'With Barium.^ — A similar rijaction to fliat already 
given for calciuhi takes place, but mu’fch more vigorously. 

The Bergius Process. 

) 

With Iron* — If metajlic iron is heated in the^res- 
ence of water under very high pressure, ^ydrogerri^^ 
evolved and magnetic oxide formed, in accordance with 
the following equation ; — ' . . 

3Fe + 4H2O = Fe;,04 + 4H2. 

This method, which is known as the Berlins fft-ocess,' 
,w^ ^ut into commercial operation i.n 1913 at Hanover. 

It haj two great advantages — a very^ pure hydrogen is 
. produced, and syice it is under ^reat pressure, it>can be 
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LiseS to fill bottles ^withdut (iho»iise of a"c8mpressor. The 
chemical composition of the hydrogen c^rohuced is given 
as follows : — , ^ 

Hydrog(;n . ^ 99*95 percent. 

Carbon monoxide . ' . 'ooi ,, „ 

Saturated hydrocarbons . ‘ . ‘ 04 ^ ,, „ 

Unsaturated hydrocarbons . • ‘ooS ,, ^ 

but amount of the carbon compounds must be greatly 
influenced by purity of the iron employed ; however, 
it appears to be a fact that little or no sulphuretted 
Hydro^n is produced, even if the iron contains appreci- 
able quantities of srflphur. 

While it has' been ^tatecf that the hydrogen is pro- 
duced by the action of watevc tt high temperature and 
pressur^ upon ihetalllc iron, this does not entirs'ly de- 
scribe the chemistry of the process, for the inventor has 
found that the presence of" certain IVietallic salts -in 'the 
solution, and also other metals, greatly inct^ease the 
speed of prodqctioli of hydrogen. The following cpnT- 
parative table of prodActi^ons of hydrogen from equal 
weights of iron clearly illustrates this pomt : — 


{ 

Temperature 

°C. 

Volume of Hydrogen 
per Hour. 

idd pure water . 

300 

230 c.c. 

Iron, water, and ferrous chloride 
Iron, 'water, ferrous chloride,* and 

300 

1390 M 

gietallic copper 

300 

1930 » 

iron, water, ferrous chloride, and 

< 

f 

metallic copper 

1 ‘ c 

340 

c 

3.450 M 


In the commercial employment of this process it is 
believed ‘that the;working pressure about 3090 lb. 
per sq^ inch and the temperature 350'’ 
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In the discharge from^the vessel in whicn the hjjcfro- 
gen is produ«edVftiere is a feflux condenser which effec- 
tively prevents any steam /rom escaping from ih^ plant 
when the hydrogen is drawn ** • 

One of the remarkaWe features of this process is the 
fact that since water^preisure is so high, it penetrattSST 
•"jT^t iift>Hthe ir(in i^irticles ; consequently they are en- 
tirely employed, and a yield cjosely approaching the 
theoretical is» obtained. • • 

Theoretically, 1000 »ubic feet of hydrogen (at 30 
inches baromet^^r and 40° F.) would be produge^i wijh 
an expenditure of 1 16*5 lb. of m^.taijic iron. 

The size of the plant* is very small for the yields ‘ 
obtained, it being state^ ^lat a^enerator of 10 gallons’ 
capacky gives ^1000 cubic feet gf hydrogen a^ aftmos- 
pheric temperature and pressure per hour., • 

• /\i'ter the comp^^tion of d^e reaction the pressure can 
be let off from the generator and the magnetic oxide of 
iWn produced removed and reduced by water* gas *to 
ffi? metallic state, when it can again be efnployed in the 
process. • * * • ^ ^ 

It is claimed tljat ihe cost of. hydrogen by this 
process is exceedingly low ; consequently, ifc this is cor-* 
rect and the mechanical difficulties of mai>ufacturing 
generators to withstaryd the very high pressur^ and 
chemical action are satisfactorily overcome, this pf^c^s 
would appear to be one of the»highest value for the com- 
mercial production of hydrogen. * , • ^ 

A certain amount of information with i*egard to thiiS* 
process can be found in the following paper ; “J^rcfdu^ 
tior>of Hydrogen from Water and Coal f|om Cellulose 
a*t High Temperatures and Pressures,” by F. Bergius, 

- * 1- • • * * 
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the^ J* Journal of the Society 6f^Chemi0af Industry,” vol. 
xpii.,ri9r3. ^ ^ \ . 

^ The process is protected l?y the following patents : — 
< German Patent, 254593, 1911. 

French Patent, 447080, 191^. 

English Paten t% 19002 and 19003, ^912. 

United States Patents, 1059817;, 10598 18,: 19 13, 
all in the name of P , B'ergius. 

While the previous method is of commercial impor- 
tance, the following method is of interest : — -1 

f When the ordinary process of rusting of iron takes 
place, hydrogen is e/olved. 

It is generally considered that iron docs not rust 
when it is in contact with^vTV&^'fectly pure water, free 
from ' ciir^bon dioxide or any other mild acid. the 
following method iron filings are placed in a steel bottle 
partly filled with water saturated with carbon dioxide ; 
the bottle is then closed and sealed. It is then agitated, 
the following reaction taking place : — 

1, ' + H -O f C(>> - FeCO, + H,. 

This method is one of interest and is described by 
c Bruno jn the “Bull. Soc. Chim.,” 1907, [iv.], 1661. dt 
^ cannot, however, be regarded as having a commercial 
use. y 

• Hydrides , — As has already been stated, the 

^hydrides of the metals of the alkali and alkaline earth 
gr<oups produce hydrogen on being placed in ^water. 
HHowever, in only two cases are these reactions worth 
^Consideration. 


Wjith Lithium^ Hydride* — If lithium hydride is 
brought into contafbt with water, hydrl>gen is evolved 
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* ' If ^ • 

'and lithium hydrate forme4,*ii] accordance wit|^ thpi'ol- 

4pwing equation . * * * 

AuH, + 4H0O A 4LiOH +, 3H2. 

Such is the rarity of Jithiiun at the present time that 
the above is neither a commerc^iitl nor a laboratory metho4» 
hydfogen. Tit is, however, of the greatest 
iftterest, o^ing to the large yield of hydrogen obtained 
from a small weight of lithium hydjide. Theoretically, 
1000 cubic feet of hydrogen at 30 inches barometer 
and 40"* P^are produced from 2776 lb. of pure lithium 
hydride and 66 (3 lb. ,of water. Many ingenious ^ideas 
• have been put forward for the employment of lithium 
hydride in airships ^o that in tlje evei.> of an airship 
loosing gas from some this may be replaced by 

hydroi^n manufactured in th(^ airshfp. As has b(?en seen, 
theoretically, 94*36 lb. of reagents are requirT:^d to pro- 
duce 1^0 Qubic feet^of hydrogen at 30 inches barometer^ 
ar|^ 40° P. Now this amount of hydrogen would havt 
aiiljtof 74 'o 6 lb., so if the products oTf tha manufacture 
* of hydrogen were dropped tjie ibuoyancy of the ship 
would be increased by 94*36 + 74*00 lb., or i68*42‘lb. 
for^every 94*36 lb. of* maferial dropped from the ship. 
However, interesting as these suggestions are, such 
is the rarity and cost of lithium Phat at the pnggent 
time they are not capabfe of realisation, th#ugh filiure 
discoveries of lithium minerals and cheaper methods fo? 
the production of lithium hydride may possibly render 
these ideas of practical value. • 

• 

The Hwrolitii Process. 

• • 

^ f 

With Calcium Hydride. — If calcium hydride is 
.brouglit into* cor.-tact with watgr, hy?lrogen is evolved 
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and, falcipm hydrate .forpie^l, in acea-dance with the ' 
fioHdwing equation : — , / • 

c *• • CaHa + = Ca(OH>2 + 2H^. 

Theoretically, to produce i opo cubic fe^t of hydrogen 
^^t 30 inches barometric pressure and 40” ^F., 58*4 lb. of 
pure calcium hydride and 49*95 lb. of Water are /equift^j^ 
or a total weight of 108*4 lb. of pufe reagents per 1000 
cubic feet of hydrogen.* Since, however, water does not 
have to be carried in most parts of Europe, the theo- 
retical weight to be carried per 1000 cu^fc feet of 
hydmi^en required is 58*4 lb. This method, known 
the Hydrolith process, has been satisfactorily employed 
by the French • Army , in the field ,for the inflation of 
observation balloons, the cxl^yiiim hydride being packed 
in air- and watet-tigh'c boxes for transportation, the 
commerciar production of calcium hydride small quan- 
tities of calcium nitride at^ produ&d, which, when’the 
hydride is attacked with water gives rise to ammojjia, 
in accordance with the following equation 

CaaN. +^6H.p 3Ca(OH)2 + 2NHs. 

However, as .ammonia ij^ very readily soluble in 
* water,* if /.he hydrogen produced in the process* is 
scrubbed* with water the ammonia is almost entirely re- 
movC<i and an exceedingly pure hydrogen results. 
;^This process is protected by a French patent, No. 
3278)^8, 1902, in the narpe of Jaubert. 

f • 

^ * With ]V[etallic Sodium and Alumipium Silkide, — 
If a mixture of metallic sodium and aluminium silicide 
‘ Is placed in water, hydrogen fe evolved, with the pro- 
duction of Sodium* silicate and aluminium hydrate,, in 
accordance with the following equation :• — 

4 8 Na 4 iSHgO a Al2(OH)(5 4 4N!uSi03 4 
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TheoreticfLll^,* looo cubic feet of hydrogen Jit, 
^ches baromejer and 40° F. are produced from.b^'S Ib.^ 
of this mixtyre. It is, however,** believed that th§ 
practical yield, is about%8o j^er Cent, of •this figure. 

This process is essentially one for the production 
^hf'flrogiW' for 'wa^ purposes, though tlie author does not 
iJnow of any actual use of it. Thg mixture can be made 
into briquette^ which must be packed into air- and water- 
tight boxes. The method,, which is sometimes known 
as the “^ifeal process,” is protected by a Unite 4 Jtatej 
patent — 977442, 191b — in the name of Foersterling and 

Philipps. * • 

• • * 

With Aluminium* — ordinary metallic aluminium 
is pla(*fed in evCn boiling water, little or no ehemical 
action takes place. However, if the aluminium is first 
amalg?lmat«d with rnercury it* is rapidly attacked by hofr 
w^er, with the formation of aluminium hydrate and 
hydrogen, in accordance with the following equation : — 

241 + 6H,0 - Al!(Ol^)r> t 3H,. ^ • 

Theoretically, to ^rodvce 1000 cifbic feet of hydro- 
gen at 30 inches barometric pressure and 40^^ F.,*50 lb. 
of aluminium are required. • • * , 

In the commercial application of this rgetho^ it is 
not necessary to amalgamate the metallic aluminiurff 
with mercury by hand, as advantage is taken ( 5 f the 
fact th^t aluminium will reduce aqueous solutionsf df 
salts of mercury to the metallic state, in accordance wjth 
the following equation ; — • 

, ’ 2AI + sHgCK, == 2AICI3 +*3Hg. 

Consequently, if there is an excess tif aluminium bvei 
That required by the equation, this exoess will be 



>;\o ']^ANUFACTUR& 0^ HY1JH0(?BN 

« • ^ f 

^aptopatically amalgamated ty the rii/jitallic mercury as 

it is produced. ^ ^ 

, In a practicAl application of this^ method by 
Mauricheau Baupre/‘'fine''alunanium filings are mixed 
•^ith a small proportion of mercuric ^chloride (HgCl2) 
and potassium cyanide (KCN), v/hiqh causes* a slight* 
rise in temperature an/l produces a coarse powder, whi^ * 
is quite stable if kept free from moisture., This mixture 
can be kept in air- and water-tight boxes until it is re- 
^quiredj when it can be gradually added to wQ;er kept at 
about C. A brisk evolution of hydrogen then tates 
place which closely approximates to the theoretical yield. ‘ 
Another vfery interesting application of this increased 
chemical activii^y of alumii^fum when amalgamated with 
mercury ip incorporated in a toy which is sometimes 
seen on sale under the name of “ D^iddy Tin Whiskers 
^rhis toy consists of ^n aluminium stampifig, of a face 
and a4pencil, the fore of which is filled with a preparation 
^chiefly con^pbsed of a, mercury salt. It is operate^-by 
tubbing the eyebrpws* anti chin with tfiis special pencil. 
Shortly afterwards whiu* hairs of aluminium oxide 
(AluOy) gather wherever the pencil has touched -the 
aluminium. 

operate the above prqcess for the manufacture 
j 5 rf 4 iydrogen it is necessary that the aluminium should 
be ae pure as possible ^nd should not contain copper. 
Jije commercial light alloy, known as “duralumin,” 
which contains about 94 per cent, of 'aluminiuiVi and 4 
i p^r cent, of copper, i^ entirely unsuitable for generating 
hydrogen in the method above described, as it is (ilmost 
unattacked by even boiling water cqntaining a sfnall 
Quantity of a m«rcury salt. V ^ 

“Comptes Rend.,” 1908, 147, 3ao-i, 
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The follpwlng patents d^al withithj^ process 
» French p^iteift 392725* 1908, in the name of^aufi- 
cheau Baupre. ^ * • 

English pate^jt 31^8, 1909,* in the .name of Gries-* 

heim. . * 

_ • • • 

Ggsman* patent 229162, 1909, iii the name of Gries- 
•heim. • 

With Afuminium Alloy** — Tfie following alloy — 


Alum^um 
* Zinc 
Tm 


78-98 parts. 

*M* 

7 - 0-5 M 


is made and cast into a^)late ; after coofing it is amalga- 
mated with mercury, /fitfer amalgamation the pjate is 
heated as strongly as possible without volatilising the * 
n\prcury. When i^ has become thoroughly amalgamated 
it is allpw^d to cool and is then^ ready for use. • 

If this alloy is put into hot water it readily yields 
Mi^'drogen ; the hydrogen yield is proportionate to the 
aluminium an^ zinc content.* ^ ^ 

The gas produced is^very pure. , * 

• This process is protected by the follo'^ing* patent • 
Uyeno, British patent, 11838, 1912. ^ 




With Steam. . ^ 

In considering the^ production of hydrogen frorjj 
steam, a considerable number of processes must bd con- 
sidered in which the first sta^ (which is comnign ^ 
all jthe processes) consists in the manufacture* of blue’ 
water gas ; consequently, prior ib the 3 escription of 
these processes^ amongst the mos(;^ important cff, which 


.are : — 
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^ fhe If on Contact proctiss' i i< , 

The Badische process, ' 

The Liiide-Franlc-Caro process, 

* the manufacture of water ga.s will be described. 

The Manufacture of WJati^r Gas. 

When steam is passed over red-hot carbon, the two 
following chemical reactions take place : — * 

(i) C + H.O -To -f IL. 

^ ' (2) C + 2H2O == CO. -f 2H/. • 

. The question as ^co which equation ‘ represents the 
predominant reaction taking place^ depends on the 
temperature of the carbon ; fdEghly speaking, the higher 
' the temperature** the ' more closely does the re^^ction 
coincide wit*ti the first chemical equation. 

• Thefollowingexperimerital result^H. Bunte, “"J. fiir 
Gasbeleuchtung,” vol. 37, 81) clearly illustrate the effjjfj^ 
of temperature on ‘the chemical composition of the pj;o«s 
ducts of the reaction : — „ 


r V 



- 

1 Composition, by Volume of Gas 

^ c 

Temperature 
^ C. »» 

Per Cent, of Steam 
Decomposed. 


Produced, 






> 

V < 

H,. 

CO. 

COa. 

< 



1 


674 

‘ 8'8 

65*2 

4‘9 

29'8 


, 25-3 ^ 

652 

7-8 

27*0 

. .838 

41 ’0 

61 9 

151 

22'9 

’ 9 S 4 

70*2 

53’3 

59’3 

’6-8 

fc .i°io 

94*0 . 

48-8 

49'7 

1*5 

1124 

99*4 

So- 9 , 

48-5 

0*6 


c 





lij'the first of the chemical equatUnis given, it will 
be seen .that the products are composed of Jjo per cent^‘ • 
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hydrogen an^ per cent. Carbon nao^oxidJ, whilfe in 
second, thd cotnposition is 66 ‘66 per cent. hycfrogeA 
and 33*33 per cent, cartfoa dioxide ; in Dr. tiunte^ 
experiments, figures cl(^ely •approximatijig to the first • 
equation were obtained ^whqif the temperature of the 
x^on^was ?oo^-iioo“ C, while figures similar to the 
{>roducts indicated in the second equation were found 
when the ten'^perature was 67^° C. , 

Now, whatever purpose water gas may be required 
for, its us»^or this purpose depends on the fact that the 
gas will combine with oxygen with the evolutidh of 
heat, consequently the plai^ should be worked to make 
the product with the highest galorific power for the 
lowest fuel consumption? This requirement is rjeaphed 
more tilosely if* the plant is operated so that the first 
equation represents the chemical reaction which takes 
place? consequently, in the practical manufacture of wateT 
g^the coke or other fuel in the gas producer ^houW 
fee at a temperature of about iboo'" C. • 

The chemical reaction producing the decompoM- 
tion of the steam is endothermic, that is to say, as* the 
reaction proceeds, the temperature of the cojce f^lls, so 
that in order to obtain a gas approximating tq the pro- 
ducts in the first equation, heat must be Supplied the 
coke, to counteract the fall in temperature, due llo it* 
reaction with the steam. * , 

In the oldest type of plant, the coke which was used 
for the manufaclure of the water gas was i» a cylinSer, 
which was externally heated by a coke or coal fire ; 
however, this .procedure was not very efficient, S.hd the 
prfictice is not in use at all at the present time. 

In practice to-day there are two ijjethods of nfaicing 
• ^ter gas, oAe the English or Humphrey §.nd &lasgo\^ 
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methVDd, ^and othe other' the Swedis/h ^or Dellwick- 
'Fleischer method. ' 

c ^ ' c ‘ '' 

English Method*— It ,has already be6n pointed out 
that from thermal chemical reasons, thd coke through 
which the steam is passing in‘ the mcvaufftcture of ^^^erc 
gas should be at about looo' C. irf orcfer to obtain good ^ 
results, and that as a result of the reaction between the 
coke and steam, the temperature of tHe former falls, 
necessitating the addition of heat to the mass, in 
brdcf to keep up the efficiency of the process. < 

It is in the method of maintaining the coke tempera- , 
ture that the Jinglish and ISwedish systems differ. In 
both systems the coke is k#p:iat the proper temperature 
by shutting off 'the steam supply from time to tijne, and 
blowing air through the coke, the products of the air 
oblast passing out of the •generatoV througl^ a diffeVent 
passage to those of thb steam blast. 

Tne effec^t of blowing air through the coke 
Ij'.ourse to produce hegt, (or the following reactions to 
a ksser or greater*extent take place : — 

, ^ ^(i) c+o, = cd:„ 

(2) CO.^ + C = 2CO, 

anci^^he hea^ which is produced by the combustion of 
‘4:onic‘"oi thb coke, heats the remainder, thus raising its 
tempprature, so' that the air blast can be shut off, and 
the steam bkst again turned c\n. 

In the English system the depth of the coke in the 
* generator is considersLole, consequently the' carbon di- 
oxide^formed at the base of the*fire tends to be rqjduced 
in the upper part of the fire by the hot^coke, in accard- 
anc« with equation ( 2 ), therefore in the English system 
during^ the^air blast a^ combustible gas *is produc^/ 
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However, first s'l^hl this might appear t <5 6e an 

Advantage, tttere^ are several disadvantages associated 
with this method of worl^iii^*. In* the first place, th*e 
gas which is produced durirfg the air blast, though corn-* 
bustible, is not a ga§ of high,calorific power, as it contains 

• Jffbh* «L-largti amount of atmospheric nitrogen ; in fact, 

* under the most favourable circjam stances, the gas pro- 
duced during the air blast wjll n-jit contain over 30 per 
cent, of carbon monoxide.^while the rest of it will be in- 
cornbustftij^^, being chiefly nitrogen together with some 
carbon dioxide. Another disadvantage of this ^stem 
is that since fhe coke ij permanently burnt only to 
carbon monoxide, the amount of heat aAually generated 
in the coke mass is cdiTi'fitiratively small, consequently 
the fate of temperature rise in the coke mass te slow. 

In the Siuedisk or Delhvick-Fleischer method, the 
coke temperature is from time to time raised by meafts 
,^an air blast, but in this case thje depth o^ fuel* is 
•rektively shallow, so that the carbon* burnt remains 
permanently ip the form of tarliun dioxide ; and since ir 
burning equal weights of carbon to carbon moifoxide 
and carbon dioxide over three times as ipucl\ heat is^ 
generated in situ when the carbon is burnt^ to carbon 
dioxide than when burnt to carbon mdnoxide, fhp rate 
of rise of temperature of the coke mass in the gdlneratior 
is much more rapid than is the cash in the pngfish 
system, and consequeiply the period occupied by thjjt 
air blast is very much reduced, • * * ^ 

Fig. '6 shows a diagram fconi Dellwick’s English 
patent 29863, 1896, illustrating his plant fgr the*produc- 
rion of blue water gas. * 

A is the gefierator provided wijji a coke? receptacle 
#B, which passes through a %tuffing-box, D placed on 
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the fccver ^or tap of the generator. T^e f^bject of this 
receptacle is to keep the fuel heigh'i: constant in thi^ 
generator ; if B is 'kept filled with fuel, as that which 
^ is on the grate, burns away,' fresh fuebwill run in from B 
and will keep the depth of fuel on tfie grate constant. 



Fig. 6. 


' is the Vnain air inlet, while a secondary supply 
r of air take^ place through the vertical pipe G, the 
^ ‘purpose of this latter ait'^inlet b,eing to ensure a thorough 
supply of air< to all parts of the ^ueT bed. 

S and S' are steam inlets, I and I' ^.re gas outlets, 
and E is an outlet. for the products made during tlfe air 
blast. ' ' ^ 



. qH^MICAL METHODS 

T he meliodfdf working jhisf generator would-be as 
follows : — ^ ' a ’ ' . 

When a coke or other ^re of suitable depth has been* 
obtained on* the grate, the* receptacle B is charged , 
with fuel, and the lid firryly closed ; valves I and 
I' are closed ai^d Valve P opened, then air under 
*guitablft pyressur^ is ^admitted through L and G ; this 
causes the fuel to burn with rise in temperature of 
the unburnt •portion, while the f)roducts of combus- 
tion, coi^aining about 20 per cent, of carbon dioxide 
a^d 70 pe^ent* of nitrogen, escape by the passage B. 

When the tejnperature of the cok^ on the hearth has 
been raised to about iooo'*C. the air hjast is stopped, 
valve F closed, valve I' ooeneH, and steam admitted 
through S' with the consequent production of hfue'gas, 
which passes out to a scrubber and holder, via the 
valre^F. ^ ^ ^ 

When as a result of the decomposition of the stearp 
b^ihe fuel mass, the temperature of t 4 ie latter ha§ fallen 
CelcJw the economic limit, the s^eam supply* is shut ojff, 
and the air bla^ started again to raise the fuel tempera- 
ture. When the temperature is again suitable, the air 
is shut off and steam again passed through the fuel, but 
on this occasion downwards from che st^am ’^supply S, 
the water gas passing o\St by the outlet I. ^ 

The object of this alternation of the direction of the 
steam blast is to keep the temperature as unifo^m as 
possible throughout the fuel mass. ^ 

Fig. 7 show's a modern wat,er gas producer, whicl: 
is self-explanatory ; the fuel charging is done aftei 
every third steam blast, and the depth of die fuel kep 
correct by mean^ of a gauge rod, dropped thi^ough th< 

^ lid at the top of the generator^ same alternatioi 



'manubacture of hy^i^ogen^ 

in the^direnuon of the steq,m «blast is •^intftined, while 
iufin^ the air Blast the products of combustion escap^ 
fhrough 'the lid at ,fhe top (jf the generytor, which is 
[5pen during this stage.^ ^ ' 
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'' ' "The sequence of operation’ with a standard ^ener- 
^tor^ having a circular^diearth about 5 feet 6. inches in 
diametei', would be : — ' . 

I. Airbhst minutes . 


2^. ‘Steam up 

3. 


6 „ .. 
^ minute 
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4. Steam dtwn ^ 
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5. Air blast 
^ 6. Steam up ^ 


6*n:^nutes ^ 

I minute* , « 


. 6 minytes. 

At the end of* the last operation, ad*ditional fuel would 
be added andi the* sequence* figain starfed. The air 
supply main woul^ be at a pressure qf about 15 inches 
c 5 f watef aljove tSe atmospheric, while the steam main 


would be at about 120 Ib. per sq*inch, the rate of flow 
of the steam b^ing about 45 Ilf. pef minute, during the 
steaming periods. 

^Workin^inder the conditions described, using.qoke 
of the following composition as a fuel 4 — 


• 

Per Cijnt. 

Moisture . . * . 

Ash^. . V 

* . 6'o by weight. 

.• ”, • ' 

Volatile sulphur 

1 .55 , .. 

Nitrogen 

0-6 „ 

Cafbon, (by diffel'ence) * . 

• 

• 


l<y>'00 • 

a water gas of about the follqwiig composition would* 

be obtained : — * 

• 

% 

• • 

F^r Cent. 

• Hydrogen .... 

52*0 by ¥olunnR). 

Carbon monoxide 

• 39‘6^ 

Methane .... 

* 0 - 4 * „ •• 

Carbon dioxide . 

• 3'5 

Sulphuretted hydrogen 

C.-5 

Nitrogen .... 

f 

.• 4-0 „ 

t 

• • 

lOO’O • 


for a consumption in the generator of about 35-4Qjb. of* • 
coke per 1000 5 ubic feet of blue watey gas nteasured at 
atmospheric ten^pe^ature and pressure.^ , . 

. A considejation of this coke ^consumption is instruc- 
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live ; froiv the analysis of ^hfe dwater gas^tit ^ill be seen in 
«iooo cubic feef of the gas there are — ^ ' 

396 cubic feet of carbon monc xide. ■' 

35 »> )» M »» dioxide. 

If the barometer is 30 inches and the temperature 60° F., 

1000 cubic feet of carbon r/lonoxide weighs 74*6 lb. 

^06 . - ' ^ ■ 

” 1000 

/ = 29-6 lb. 

But carbon monoxide contains of its total weight of carbon. 

396 cubic feet of 'carbon monoxide contains - -- -- - lb. 

carbon = i2'7 lb. ^ 

Similarly, 

'laoo cubic fe^t of carbon dioxide weighs 117 -3 

35 X 117-3 


28 


••• 35 n 


1000 

^ -= 4-1 lb. 


B,ut carbon dioxide contains — of its total weight of carbon, 
f 44 

35 cubic feet of c^bop monoxide contains lb. of 


carbon = i‘i lb. 


44 


AUding these two results together, it is .seen that while 
35-40 lb. of coke, equivalent to 29-33 lb. of carbon, are 
consumed in the generator per 1000 cubic feet of water 
tgas,'onIy 13*8 lb. of this carbon, or 42-46 per cent., are 
preslent in the gas produced, the bulk of the remainder 
" coC- the carbon consumed in the generator being burnt 
during the air blast period, and the remainder lost in the 
‘«»ash pjt, and during ‘ clinkering ; however, while these 
figures are instructive, as indicating the magnitude of 
air bjast consumption of fuel, to gain comparative figtires 
it ih necessary to 'obtain the calorific power of the coke 
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consumed, a«d #f* that of water gas protiyced ffom 
^given weignt^of^coke. • ♦ 

If 35 lb. o{ the coke, th^e analysis^ of which bos been^ 
already giveif, are consumed In the* production of looo 
cubic feet of viater*gas at 30*ipcfies bar<fmeter' and 60° 

, F.,^of the composition which*has also been given, it will 
]^e fouflid ^hat th^. cabrific power of the coke consumed, 
compared with that of the gas prf)duced, is as 


5i<J'342, 

that is to judged on a thermal efficiency basis, the 
efficiency of the prcfducer working under these condi- 
tions is * • * 


66-3*percent, * 

which is a figure such as is obtained in orclinary com- 
me'A:kil water gas rr^Lnufactufe. 

The<inalysis of the water ga^s so far given enumer- 
af^ the chief constituents, but in realty there are? traces 
of oflier products, such as carbon bisulphide, carbonyl 
sulphide, and thiophene, derived from the sulphur in tTie 
fuel, which, minute in quantity, may nevertheless in the 
certain chemical processes produce appreciable aen^ un- 
desirable results: from the iron cc^Uained in* the fuel, 
minute amounts of iron* carbonyl are formed, whith in 
most processes in which water gas is used is a fhattgr* 
of no importance, but if the, gas is to be used for 
lighting with incandesc(?tit mantles, its removal is,d^r 
sirable. 

The producer, which «has been described, is^iof in 
practice absolutely continuous in jDperatitn, as from 
time to time tke,process has to be interrupted^ in^ order 
to remove tlje clinker from the^fire. *• • 

• b 
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,The process of clinkepfig/’ljesitks're^iring laboui , 

,js cwa^iteful, as 'hof fuel as well as clinker is drawn froi^, 
^thefire,"Consequentjy various^de vices havcrbeen designed 
Co make self-clinkering producers. 

The- majotity of these designs con^v>ist essentially 
of a rotating conical hearth. Fig. 8 shows a device^ 
described in English patent 246111, 1909, whicn is a^^^ 
most self-explanatory. ' The clinker pan h and the blast 
nozzle / are connected and free to rotate on the ball race 
shown in the vertical section. The end of , the blast 
nozzle / is fitted with helical excrescences vvith hole?./^ 
for steam and air in their trailing edge. During the 
workings of the producer, the nozzle and clinker pan are 
rotated, any clinker forming Joeing broken up between 
the helical vane§ on the fixed water jacketed body of 
the producer and those on the rotating blast nozzle. 
The clinker on being broken up falls into the chnker 
hearth, which is filled . with water to such a depth as to 
make a water seal between the producer body and^ me 
moving hearth. 1 

Jhe bottom of the clinker hearth has fixed ribs, 
which tend to hold the crushed clinker, which during 
V the rotation of the hearth is carried round until it' is 
brought against the fixed vane 0 ; this lifts it out of the 
wate?. ® 

Producer hearths of the type described do not ap- 
pear 'to effect any appreciable saving in fuel, but since 
they eliminate clinkering, they have a decided advantage, 
as the gas yield is greater in a given time than would 
, '*other^yise be the case.*’ 


Purification of Water Gas* — For most industrial 
purpfOses, it is necessary that the crude wat^r gas should 



^ .ClfE^IICAL MEXHODS 





' MANUFACTURE OF HYDjROGEJJ 

ber{3urifv^^ before iw ujtfciate ii|e. « Fjir practically 
cevery^ process m which water gas is used it is necessa^*'' 
r that k "should be,. freed frqm the impu^vities which it 
^mechanically contains, and which are composed of ash 
and dust, carried by the gas from the prtjducer. 

The mechaniqally retiiiied impui;:ities in watpr^gas, 
are removed by scrubbing the gas w^th water, ^ that js 
to say, by passing it bp a tower, down which water is 
falling. Not only dfbesthis water scrubbftig remove the 
mechanically retained impurities, but it also, by. reducing 
the .temperature of the gas, causes the coira’ensation and 
removal of the n\inute quantity of iron carbonyl con- 
tained in the gas. 

Removal oj Sulphuretted Hydrogen* — Fo^r most 
purposes fpr which water gas is required it is desirable 
that it should be free from sulphuretted hydrogei}^ ;,.this 
'is usually accomplished by passing the gajs ,at about 
55'’-6g»'' F. over hydrated oxide of iron, when the. fol- 
lowing reaQtibn takes pjace : — ' * » 

• * I 

, r Fe.,(OIi)^'+ 3H.,S = 2Fe.S + 6H,C/ + S. 

After Japse of time, the hydrated ‘'ferric oxide ceases, to 
have any sulphuretted hydrogen-absorbing power, so 
the gus is diVerted'through other hydrated oxide, and 
4. the spent 6xide removed and placed in the open air, 
wheij^ after moistening with water and exposure, the 
. follqwing reaction takes place ; — 

''■-V * A 

4f'eS -+• 61 ^ 2 ^^ F 3f^2 ~ 2Fe.;(OHj,; + 4S. 

% . . ^ . 

* • Thus it is seen the original o^cide can be reproduced, 

and on re[5roductfon can be used for the absorptioi\ of 

fresh .sulphuretted, hydrogen. In practfce each pevivi- 

ficatioi) increases" the fr^e sulphur content of the oxide 
- 
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about 7 per cent* fipd as tim^ goes oy tl^e free sulphur 
'in^the iron oxide mcreases to 50-60 per cent, sulphur,* 
when it comrnAnds a ready ^ab to njAnufacturers of sul-^ 
phuric acid ; roughly speaking, 1 ton of o:jide will purify 
2,000,000 cubic feet of gas befdre it is finally spent. 

® •JiF^iis counti;^, it is not generally ‘necessary to heat 
the hydrafed oxide of iron through which the crude 
water gas is pj^ssed, as the heat^ evolved by the chemical 
reaction is sufficient to keep the oxide at a suitable tem- 
perature. * y^wever, in many parts of the world, where 
the winter temperature is exceedingly low, it is nc^es- 
* sary to pass steaih coils thrcjugh the dxide, as otherwise 
no absorption of sulphuretted hyclrogen taices place. 

The reason for this failftra to absorb the sulphttr^ted 
hydrogen is due to the fact, already given in the equa- 
tion, that with the absorption of the su*lphuretted 
hydrogen, ^N^aler is produced, 'which freezes on the sur-< 
fac^f the hydrated iron oxide, an (3 thus prevents fyrtha* 
ai^ilphuretlfed hydrogen coming in contact witl;i it. 

In the practjcal removal «f stilphuretted hydrogen, 
it is desirable to have quite a considerable amount cJf 
water in the hydrated oxide (about 15 pe;; cegt. by 
weight), as this tends to keep it open and thus keep'' the 
pressure necessary to ge^t the water gas* through the 
oxide quite low ; it is also desirable to keep the*vxide 
alkaline, consequently about i per cent. 6f lime is nyxe^ 
with it to accomplish this., * • 

When new hydrated oxide is put in - water gas 
purifiers, even though it may cAnain a sufficiency -of 
water,, it tend3 to cake together and cjeate ’back 
pressure. 

This can be prevented, either bjt, mixing Sawdust 
\v\fh the nev^ oxide before putting it in tj;ie porifiers 


• ^ 
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(about I f)art tp 5 fOf oxide' by volume)* or by mixing some 
‘afready used oxide containing a conaidec*abIe amount^f^ 
free sulphur with Hie neiy acide ; this alio tends to pre- 
vent caking. ^ . # 

In ordinary commtfrcial purification of water gas, 
100 tons of h^rated feme oxide wifl^ effective^vr'pjr»*ify 
200,000 cubic feet of crude wat^r gas per" 24 hours ; . 
this allows of keeping 20-30 tons of “reAuvified” oxide 
in reserve, available to replace the working oxide as it 
becomes “spent ^ * 

'This degree of purification of crude water gas to® be 
used in the mani/racture of hydrogen is common to all * 
the processes* dsing it,: in some of, the processes special 
methqds of purification ar<i e'li.ployed, and these will be 
given ill the description of the process which* renders 
such methods necessary. 

r I ' 

t * 

. The Ifo.i Contact Process. 

*4 , 

Of all the processes for the production of* hydrogen 
in which water gas represents one of the active reagents, 
vh^ Iron Contact process is the most important, as it is 
by this process that the greater 'amount of the world 
production^ of hydrogen for use in industry and war is 
at p^sent made ; but importa,nt as this process is, it is 
doubtful ifdt will maintain its present pre-eminent posi- 
tion ^during the^ext few years, as other processes, more 
economical, ebut at present not; so reliable, are' already in 
"^existence, and with lapse of time greater reliability will 
probably be obtained /n these later processes, which will 
result fb the Iron Contact process occupying a less im- 
portant position ih hydrogen production than it dges 
to-ejsfy. <■ > ' ” V 

When steam is pafssed over heated 'metallic irph,* 
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hydrogen is prockiied in accordance with the* following 
equation : — * • 

•3Fe + 4H,0#=l;eA+.^Ho. 

• • p 

Theoretically, produce loocf cubic foet of hydrogen 
at 30 inches barom«tric pressure and 40° F., 116*5 
offfoif and 4V95*lh.^of steam are required : however, in 
practice these figures are not cIos«Iy approached because 
the magnetic# oxide of iron foi?me(i tends to shield the 
metallic iron from the action of the steam ; indeed, the 
rq^ction m&^ibe/egarded as merely a surface ope^. , 
When the protective action 6f the magnetic oxide 
has reached such a degree that the*yield of hydrogen 
jias become negligilDlc, the supply of steam is stopped, 
and tlje water gas is passed over the^ magnetic* oxide, 
reducing it to metallic iron, in accordance >yith the fol- 
lo^uiI^ ecjuations ^ 

4- 4tl> — 3^^® 4^2^ 

FeA + 4CO = 3 Fe + 4W;. 

• 

Then further steam can be#pa5sed over the iron, wifh 
the production of further hydrogen. • 

Thus, it is seen fhat \he same iron is used continu- 
ously, and steam and blue water gas are .the two re- 
agents consumed. Such is the cht^micaFoutfineppf the 
Iron Contact process; however, in practice the^roces! 
is somewhat more complex and very much less effici(?h 
than either the Electre^lytic {)rocess or, the Badjsch< 
process, bo^h of* which* are described at a later stage, 'ifl? 
can the hydrogen produced be regarded as so satisfacjor 
for gome industrial pwrposes, such as fat hardening,*^ 
t^iat niade^by the other two processes. 

In the practical working of the If on Contact process 
ihe pVocess*is not begun by ♦passing steam gver he 
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metfetljic if on, but^^by manufacturing Vbe iron in situ, by 
1 ec^ucftig iron ore, such as hematite, with the water ga^ 
'which ‘can be expre'Ased by the following Equations : — 


y2i‘C20j sH.' = 2 \\ + 3Ji20 

iW), + 3 Ce - 2Fe + 3CO2. ' 

4 • 

The advantage of this procedure V that a Jpbfigy 
coating of metallic iron is obtained on the refractory 
iron oxide, with the result, that the iron anq^ the resulting 
magnetic oxide tend to be .held together, and so keep 
the material open, and therefore free from lj^K:k pressure 
to the passage of the steam and wetter gas. 

In practice, to ^obtain a .yield of 3500 cubic feet of 
hydrogen per hour, abow’t 6 tons of ii’on ore are required. 
This. a»*e, both in its originCtl Ydrm and its subsecjuently 
surface altered state, is kept at a temperay|[^ of 650^- 
poo'* C. ; if lower than 650 C. the reactioiij^ 
slow, and if higher than 900 C. the m£ 
frtc, ai\d become less open, thus creating 
the flow of ga?> and steajm. 

*In the practical ^vorking' of the Iron (^011 tact process, 
tttfe process consist^ of three stages : — - 

1. Reducing. 

2. Purging. 

3. Oxidising. 



me^ yery 
tends to 
nce^to 


^ Reducing. — The reducing stage consists in passing 
water gas over the heatdd oxide, thus produciiig a coat- 
^ ^g* of metajlic iron on the oxfde. Uuripg the first 
^^moQient of reducing ^he reaction is comparatively 
‘ efifecti\?e^ but with fewer opportunities fcjr the g^s to 
come into contact \vith unacted-upon oxide, the water 
^gas i^ dess and les^ effectively used, dnd consequently 
the gas .on leaving the retorts contains more and mqr^ ' 
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on monofcide as .the reattioi-^ ton- 

This variattion in the efficiency* of reduction, with® 
lapse of time, is clfarly%illust/atejl in the graph, Fig. pf • 
which shows the carbon monoxide and carbon dioxide 
► contwy: of tlae jAater gas after pas^ng at the rate of 
9000 cubic feet per^hour over j‘2 tons of iron oxide, 
heated to 750" C. ^ 

In practice, it is found that the speed of reduction is 



nruch slower than the speed of oxidation, consequently, 
in practice, the duration of the various st^es i» 

Reducing . . , * . .20 minutes. ^ 

Purging 35 seconds. ^ 

Oxidisjng . . ,^9 minutes, 25 seconds. 

Purging;^ — When*the reducing stage is .stopped, *tRe 
retort or retorts, containing the^surface reduced oxide, 
is, Of are, filled with* an atmosphere of parti/ Siltered 
W€ter gas/, consequently when Aeam is turned on 
hydrogen is procluced contaminate^ with the r&^idual 
yater gas; •thus impure hyditigen is^allqwed»to flow 
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into^ some Receptacle, w^ere it is suFse^iuently used for 
heating, or some other process, whicmwil^ be describe^ 
^ater. ^ t ’ 

f ^ At the end^^T 35 seconds the outflow of the gas is 
altered, and the now comparatively piirfe hydrogen is 
directed into a gas holder, or wherever it may^3«ii;!e- * 
quired. * 


Oxidising. — Th^ oxidising stage is exactly the same 
as the purging stage, except as to the direction of out- 
flow, of 'the resulting hjdrogen. * ^ • 

In normal working the gas produced has approxi- 
mately the following composUion : — 


Hydrogen ^ 

Carbon dioxide 
„ monoxide 
Sulphuretted hydrogen, 
Nitrogen (by difference) 


Per Cent, 
by Volume. 

97'5 
I ‘5 

• ‘S' " 

• *03 
•47 #» 


Purification of Crude Hydrogen. — The crude hy- 
drogeri is first scrubbed with water, which besides re- 
moving iliechnnically contained impurities also reduces 
the amount of carbon dioxide, ‘as this gas is soluble in 
vwiter. , 

The hydrogen is then passed through hexes con- 
>t.Ii\ihg slaked lime, where both the carbon dioxi^de and 
sulphuretted hydrogen ^re absorbed in accordance with 
the following equations : — ’ 

* Ca(0H)2 + CO, = CaCO, + H36, ' ^ 

. , Ca(OH), + H2S - CaS + 2K2O. . ' 

However, since thert is no simple process of reviv^; 
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fying the lime aftV use, it is^ probably better •praotiCe to 
5 )ass the crudo hyxlrogen ffrst through an iron oxMe*6oi^, 
identical with that used itt pyrifyin^ water gas ; here thA 
sulphuretteS hydrpgem would bQ absorbed, and then thV 
gas would p&s on to a lime box, where the carbon di- 
would* b^iabsorbed, as already stated ; however, 
•whichever procedurh is adopted as to the purification, 
a gas of the following approximate composition is ' 
obtained : — 


Hydrogef^ . ^ . 

. 99*0 

Carbon dioxide . • ' . 

•ftil 

„ monoxide 

'5 

Sulphuretted hydrogen 

trace 

Nitrogen (by difference)^ . 

•5 

• 

• 100*0 


* Secondary Cheftnical Reactions* — The fundamentjil 
chemical reactions, whereby hydrogen is produced^by 
, tlie, us% of water gas and steam alternately,* in the 
presence of iron oxide, hs\e Sow been given in ^*on- 
siderable detail, and so far there^does not appear any 
reason why the sarfte \A>n ore should not be used in-, 
definitely ; however, there are two reasons^whicTi^neces-^ 
sitate the replacement of the ortj from* tinfe time. 
The first reason for the deterioration of th^ore ij purely 
physical, while the second is partly chemical and paftly 
physical The physical reasiSn for the gradual* failure 
of the material is dut? to the fact that with, constanf TfSe 
the ore tends to break up into smaller and smaller pjeces^ 
thus creating back pressure to the flow of water gas afid ’ 
sieam ; consequently a condition irises from this dis- 
integration* df the ore which necessitates its replace- 
• ment. 
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When (?arbopi monoxideqs in conta*^: with hot metal- 
lit iron^ the following reaction slowly *take^ place : — ^ 

" ' Fe+V'CO =.Ft;C:, + 3COa. 

Such a condition arises in the'^Iroi’i Co,ntact process 
towards the end of the reducing stage, while during the 
oxidising stage the following rcc^ctiofi slowly 'taties 
place : — 

3Ke(J;j + isH'.O = + Ko/)i + 

Thus, by the continued operation of the proce,ss, there 
tends to ‘be an increasing amount of c«7rb(^:i monoxide 
in the resulting hydrogen. I'here are two methods 
whereby this difficulty can beMealt with : one is antici- 
patory, and consists in 'adding^ a volume of steam ^ to < 
^ the Water-gas, prior to its passage over the iron oxide, 
equal to aboAit one-half the carbon monoxide content of 
the gas. This, while slightly retarding the ^speed of 
reduction of the oxide, p^^events the absorption of carbon 
by the ‘metallic iron, formed during the reduction, ar.d 
consequently allows of hydrogen of high purity being 
produced. The othe. method is intermittently employed 
and consists in occasionally passing air over the carbon- 
^contaipinated iron o'xide, when the following reaction 
takes plaoi : — 

aFeCg + i 50 ,> - 2Fe203 + i2C()., 

t t' c 

thils allowing after reduction a purer hydrogen to be 
made.^ However, this process, known as “ bunfing off,” 
c ^wtHlb undoubfedly improving the plirity of the hydrogen 
^^subs^quently produced, qppears to hasten the disintegra- 
* tioA of**tke oxide, contributing to the necessity for its 
' ultimate replacement!; owing to the high back pressure 
this physical conditiqn produces. 

^ Fren<5h patqit 3^5132, 190*8, Dellwick-Fleischer Wassergas Ges. 
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The minutftg\iuaptitfe 5 ^of ^sulphuretted* hy(;Jre)gen 
present i^p the crpljje hydfogen arise from two caftsei?, 
me first of which is sulplyir in the# original ore; which* 
during the (Oxidising st^ge, produce*s sujj^huretted hydro- • 
gen, while the otfier is due .to the small quantities of 

• suljjJaj^retted Jiydjoglin preseht in tha purified water gas, 
.which duj*ing tRe reducing stage are absorbed by the 
iron in the retorts as ferrous sulphide, which is subse- 
quently decofliposed during tHe oxidising stage, thus : — 

• I'eS + H,0 — FeO *f H^>S, 

• % H,0 - Fe^)^ + \U * • . * 

• With regard to the sulphuretted •hydrogen, which is 
produced rnerely from the sulpjjur originally contained 

““'•in the ore, this decreasii^ 'yith time; or^ whiejj .when 
put in^the retoi®ts contained 75 p^r cei 4 . of sulphur, after ^ 
a year in continuous use contained only 0*03 per cent. 

Irorf Contact Plant* — The fCindamental and second- 
, ar^ cheiijical reactions involved in this process Slaving 
been considered, there remains lonly the plant, and •tile 
actual fuel consumption per 1000 cubic feet of hydfog^n 
to be described. • • 

The Iron Contact plant is commercially raanufaftured 
in two distinct types : — • * * 

1. The ]\lulti- Retort type. 

2. The Single Retort iypt. 

Fig. *10 shows a purely • diagrammatic arrange- 
ment Qf a multj-retort generator. The retiorts are *e>^ 
ternally heated by means of a g?^ producer incorporated 
in the retort bench. The*even heating of the it:tSrts*is 
secured by the use of refractory bafftes (not shown) and 
by th^ admissfon'of air for the propef combustion* gf the 
' producer gai at different pointai 
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Tl^e retorts are arrangefl* sb t|iat. either blue water 
gas br^steam can be passed through t(\em^by tlje opera- 
tion of the valves A‘and B. ^ ^ 

During the r(i;ducing stage tl?e valves A and D are 
open, and B anS C shut ;.thus the reducing gas passes 
through the oxide, and since in pracficq the^ whole ^^the 
carbon monoxide and hydrogen in the water gas is not, 
used up in its passage through the retorts, it is passed 



back , outside of thenA, giving up its remaining heat, and 
* consequently contributing to the external heatj^g. 

^ On the reducing stage being complete, the valves 
A apd D are,closed, and B and C or^^f^ed ; steam passes 
' , "tlirbugh the*retorts, and hydrogei\ issues past the valve 
C to the water seal, anc^^Jthence scrubbers and purifiers, 
and fihally to the gasholde'j r 

When high puMty hy-j^'^g^j, is required, on the re- 
, dueijig stage being, con-^.^jgje^ the valve A is first dosed, 
and then the valve B ,tu^ned on, allowing t-he hydrogen 
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first rhade to pa^s, tc^eth^r^ with the resicfual in 
the reton^ via^thQ^vaive D. When this purging Iks' 
continued for#about half minute, ® is openedknd D* 
closed, the iTydrogen [produced passinjj via the water*, 
seal ultimatelyfto t^ie gasholder. 

sjiowf A diagratli of a single retort plant 


/ 6 * 



Fig. II. 


taken from Messerschmijt s spt?cification, j:ontaine^ in 
English, patent I^o. i8§4*2, 1913. • • 

This plant is circular in plan, |nd consists essentiajly 
of two cast-iron cylinders* (19) and (20), the "fii^t of 
which is supported on its base and ffee to expand up- 
wards,, while ^hb < 5 ther is hung from ft flange at it^Jtop, ^ 
and is free to expand downwards. The annular spWe 
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(3)^b^tw^n the .two cylinders fitted with /^/aitable 
IroA ore, while the circulaft* spacq^,insjde smaller 
*^cylindv^r (19) is fillbd with a,checker work of refractory 
brick (8). The^^plant^ is operav^d by firsf heating the 
refractory bricks (8) by^ means of wata; gas and air, 
admitted through » pipes (I5) and^(i^), the proc^gts of, 
combustion going out to a chimri'ey the^pipe (18), 
The heating of the cfiecker work is communicated by 
conduction to the ore mass (3) ; when tKis is at a suit- 
able temperature (about 750° C.) the gas supply (15) is 
shut ’and water gas ^enters by the pipe^(io), passkig 
up through the ote and reducing it in accordance with , 
the equations ^^lready ^iven. When the 1 educing gas 
reaches the top of the annu4?r space (3) it mixes witi^* 
air entering by she pipe (16) and the unoxidised ‘portion 
(the amoufit of which varies, as has been shown in the 
f graph, Fig. 9) burns, heating 'up the bc’ck '^ork, 
and finally passing away to the chimney by ' the pipe 
(18).' . _ ' , , ' , 

' When reduction h <;omplete (after about twenty 
min'lites) pipes (id; and (10) are closed, and steam is 
admitted through the pipe (17), Which passes upwards 
throligh the checker work (8) becoming superheated, 
and ^eii dowxi through the contact mass (3), where it is 
decomposed in accordance with the equations already 
§iven, producing hydrogen, which passes out by the 
pipg (12), through a Water seal, and thence to a gas- 
holder. Where very pure hydrogep is required, a 
purging period can ^e introduced by adopting the 
Yollowitig procedure : — ' . 

When reduction is complete, pipes (18) and (16), are 
clo^tl, but pipe (^o) is left open, and (la.) still r^pmains 
closedv 
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OnShe admis^sion steams by the Bipe*( 1 7)*hydyo^en^ 
is gener^d in.thcireaction space (3), which, to^etner 
with the residual water gas,, is forced back info the* 
water gas main thus, tending lo increase the 

hydrogen content of the water gas in the gasholder. 

» , A%r the* 1 i4^i;e of sufficient tirhe (about half a 

minute) pipe (12) is o*pened and (10) shut, the hydrogen 
subsequently produced passing vicj the water seal to 
the hydrogen nolder. After the ore has originally been 
heated by means of water gas and air, admitted by^ 
pipes (15) an^(iS), the heat can be maintained entirely 
• by* the combustion of the unoxidised nvater gas, during 
the reducin^*stage, by the admi^ion of air by the pipe 

" •** » ’ • • . 

“ Btirning off” can be accomplishefl by thft admis- 

siofTof air by the pipe (i i), the products passing out by 
the pipe (t8). The Top of th^ plant is fitted with four* 
weighted* valves, one of which is*shown at (14). ^ T\ft 
JVIess^scbmitt plant is not in commercial epiployment 
in this country, but it is cdiisWerably used both ^in 
Germany and in the United States, where the standaiTl 
unit contains about 5 !onsT)f iron ore^ with a j^rodyction 
of over 3000 cubic feet per hour. 

• •• " •. 

Fuel Consumption* — In the multi-ret(vt type of 
plant, the consumption of water gas is about 2*5 cubi? 
feet per cubic foot of hydrogen produced, ;vhile in ^the 
single retort type, whferfe the water gas is employee^ 
both for reduction and heating the consumption , is 
about 3*5 per cubic foot of hyarogen produced.* In 
each type of plant, if the same kind* of coke is use’d, 
both fq;: the*pr(Jduttion of water gas a|pd for all heetting, 
including stea^n raising, both fortthe process ^and tforMts ^ 
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' . ^ ^ * >< 
au^JiUary fnachjnery, such<^ Dloj^ers>teed pui^s, etc., 

'the' hj^drogen yield from each is abc/j.t 

6^00-7000 culiic fe^t f»f hydroger> per ton ^of 
average soft cci^ke. , ^ , 

Relative Advantages pf the IVtuIti- and Single Re^ 
tort Plants* — While in fuel consumjJtton* there ^s^iittle" 
to choose between t\w two plants, there is undoubtedly * 
less complication in# the , single retort pla^t than in the 
multi, owing to the fewer joints, etc., which are at high 

type lies in 

the fact that fuel is consumer! at two points^ only : — ' 

1. For th6 producuon of steam; for the process and 

auxiliary machinery. / ^ 

2. f^or the production of the necessary water gas. 

In the multi-retort type, there is also fuel required 

""for the supply of the ^producer, wfiich heats 'the retort 
bench ; however, this additional complication can, be 
phminated<by heating, the retorts externally '^by means 
of water gas, a prqcediire'' which is adapted in at least 
one commercial hydrogen plant. 

With the grac’.ual failure of the retorts themselves 
from th^ir ‘'oxidation by the steam, the advantage again 
lies ^'ith the single retort type, as it is a simpler job to 
jlraw'*the c&st-iron liners, and replace them, than it is to 
replace the individual reforts and make the various pipe 
.^pints.^ 

To suiVi up, while in chemical efficiency "there is 
c^ljtllq, to choose betwee^n the two types, the advantage on 
* ^^hole appears to lie with the single retort type, on 
^t of its greater simplicity of repair. . 

^following patents with regard to this process ar^ 
closed „ * , ' 


♦temperature. ^ ^ 

Another advantage in the single retort 
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Rnglisti, patent 

,i 6759' 
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» . 

>> »» 

■ 7518.^ 

.1887.' 

'Lewes. • 

1 

20752.* 

• 1890.* 
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% »> , V 

i 10356. 

1903.' 

El worthy. * 

u.s. • . „ 

00 

00 

1904. 
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386991. 

1908. 

Dellwick & Eleis- 

• 
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• • 

n »> 
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1908. 
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1909. 
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*1910* 
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German ,, 
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1910. 

Strache. * * 
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1910. 
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English' ,f 
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* 1912. 
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• 
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» 

• 
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French ,, 

440780. 

*912. 

Messerschmitt. 

• 
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.1913. 

>) 

• 

461623. 

.1913. 

n 
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•461624. 

1915. 

A 

English 
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Fabrik. ^ 
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453077.* 
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• Fabrik. , 
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459918. 
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• 
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€’ <■' * 


iJkjie. ‘ , U.S. f. pat^t 'ftoyS 686 yf 1913. 

Bertin Anhaltisclie ' h ^ / 

Maschinenbau.* Engljsh| ,, 28390. 1913. 

Pintoch. \ Ffench <, , 466739. 1913. 

Berlin'Anhaltische * f 

Maschinenbau. P'ngli^h ,, ^155- 


With Barium Sufphide, — In the previous process 
which was considered, ste‘am was decomposed by means 
of spongy iron ; in the present process, instead of iron, 
Barium ^iulphide is used. If stearn is'pas^Jed over bsr- 
ium sulphide heated to a bright red healt, the following 
reaction takes ,0lace : — 

<x * 

„ . ' BaS + 4H..0^= Aao. + 4 Ho. 

< i • f * 

The barium sulphate produced may be reduceci.by 
heating with coke to barjum sulphide in accordance 
with the following equation : — 


, HaSO, + C = liaS + .\C(). ^ ^ 

, \t * * *' 

*The barium sqlphide* can be employed for the 
generation of fresh hydrogen and ^ the carbon monoxide 
can b« used for supplying a portion of the heat which is 
required* Jot* the process. 

The process is protected hy French patent 361866, 
1^905, 'in th^ name of Lahousse. 

somewhat similar^ process to the Lahousse has 
J^^^en protected by French parent 447688, 1912, in the 
names of Teissier and Chaillaux. In »this. prodfess bar- 
juifi sulphate is heatedirwith u'^anganous oxide, when the 
following r«action mkes place « * 


, BaSOi + 4 MnO = BaS + 4Mn02. * 

/The resulting mixtilt*e of barium sulphide and man* 
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\ • * • • ^ • » 

\^anesti\dioxideVthe^ raised to a white, heaf, whei! the 

fmlowing ;*eactjon»^^kes place : — 

+ 4Mn02 =iBaS + 4 AJnO + 2 O 2 . 

When the reaction ^is corfiplefe» stei/n underpressure " 
is passed over the mixture o[ l>ariuni sulphide and man- 
ganoift oxide, ^fth jhe production of hydrogen, in ac- 
*cordance with the following equation : — 


BaS +<MnO + 4H.O - BaS04 ^ MnO + 4H0. 

The « process is then I'eady to be started again. 
Whether it vil have a considerable com mere ia>applicit- 

tipn remains to be proved. 

# 

^ t 

Ttik BADfscjiE Cataia^tic Process. 

Uirtng a Cs^talytic Agcnf. — In the^ processes so far 
cke«ribed for the production of hydrogen from steam, 
the-steaq;! has been# decomposed by the action of some 
solid which itself undergoes a distinct chemical chapge 
rei^uiring^ treatment to bring it back into form iit which 
it can be again used for tl^e production oT hydrogiin. 
In the process ^about to be described the steam' is de- 
composed by virtue* of a catalytic Ugent which itself 
uftdergoes no permanent change. * ’ *• 

This process, which is protectedtby patents'(enumer- 
ated at the end of this* note) by the Bacysche^Anilin 
und Soda Fabrik Gesellschaft, consists of the following 
stages ^ ^ ' 

.Firjt, Blue Water* (/as is prepared in ^an ordTh»y 
producer a^i3 purified from suspended matter by means 
of a scrubber ; then into 'this cfcan water gas^stoanvis 
intro3uced and the mixture passed over* a catalytic 
material, w*h^re the following reactiop takes pl^ce^: — 

* I • 

. ^ Water gas ^ 

hT, + CO + H.,0 = 2H., + Ct),. *. 
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^ - Jfcus it is seen, that the carbq/i rn^bxide chained 
in the*'^lue gas is oxidised by the st^am,»whiQh itself 'jis 
Recomposed with tfi^ produonon of hydfbgen. 

^ Now carboi}\ dioxide h reaflily .soluble in water, 

, consequently the product bf the reaction i^ passed under 
pressure through water, where it is abtif rbbd, lea^iflg a 
comparatively pure hycjrogcn. ' * 

Starting with blup wajer gas, which m^y be roughly 
taken as being Composed of 50 per cent, hydrogen and 
per cent, carbon monoxide, the compositidn of the 
gas, il‘fter the introduction of the steam ancTpassage over 
the catalyst, is ajppl'oximately^as follows'': — 

‘ I ♦ Per Cent. 

* by Volume. 

liy'drocen , . . / . . 6<j 

Carbon dioxide 30 

„ monoxide . . . . . i-2-i’8, 

' Nitrogen ... .... 2‘C)"4 

« 

I'hfe bulk ,of the carbon dioxide is’ absc^rbed *by 
m^.ans of water, but i( tlje hydrogen is required for 
aei*ona‘utical purposes, the gas is finally ^passed through 
, either a caustic soda solution » or Ov^er lime. Traces of 
carbo'n monpxide are removed by passing the gas under 
pressure ^through ammoniacal cuprous chloride solution. 
, As a result pf these final purifications a gas is obtained 
, of approximately the following composition : — 


Hydrogen' . 
‘Nitrogen . » 
CarbOn dioxide . 

„ monoxide* 


N 


Per Cent, 
by Volume. 

• ^7 ' 

27 


t In' practice it./ras stated that in comimercial iron- 
pon/act*^ plants the consumption of blue g*as was froiiv 
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^*3 3*5 cubit* feetl^per cybic foot of^hyd/ogen wlti- 

nmtely produced. ^ • * • • ^ 

In the imethod which^has just been described the* 
consumption of blpe g«Ls is ^bout *ri j.o 1*3 cubic feet?', 
per cubic foot* of hydrogen, oy assuming a consumption 
► of <^5 Jb. of coljej per 1000 fcubic feet of water gas pro- 
duced, the hydrogen*yield is 49,000 to 58,000 cubic feet 
per ton of soft coke. 

In the operation of this process, the •blue water gas, 
together*with a requisite amount of steam, is passed over 
tffe catalytic itiateriaj at a temper^tture of 400° tb 5^)0° C. 
Since the oxidation of the carbon mpnoxide is exother- 
mic, after 'the reacjion chamber is heatpd to the tern- • 
perature of 400° to C., ^lo more 1 heat need be 
supplied from lexternal sour\:es.. # • 

^’’'The chemical composition of the catalyfrt appears to 
be 'somewhat variable, but, as in the case of the catalysjt 
used in*the fat-hardening industry, its physical condition 
, elfect^s the efficiency of the process. In ijie pateftts pro- 
tecting this process a varietj^ cj methods are descrfl)cd 
for the prepai'ation of the catalyst, but the fcfllowying 
may be given as representative : — , 
Dissolve a mixture of 40 parts by wejght oi ferric * 
nitrate, 5 parts of nickel^ nitrate, and 5 parts oMhjomium 
nitrate, all free from cklorim. Precipitate witl^ potas-, 
sium carbonate, filter, wash, form into*masses and dry.’\ 
The 'quantity of nickel can be varied, for example, 
between the lirnits of^i^ parts and three pprts of^ftkel^ 
nitrate. * 

^ ' * * « 

This contact ma^s is used ax a temperatuce of 

t«> 500" C.^ ' • * • 

4s is ti^ ( 5 f all catalysers, the above appears to 
•be subject «to “ poisoning,” tiie chief poisone/s Ipeing* 
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chlorine, bromine, iodine, ^lShosp||ioruH* arsenic, boron/' 
Hnd^ silicon in some forms ; hfence^ pregaration^f 

ttbe catdlyser, as well as in th(^ manufacture of the water 
j^^as, precautions ^^nust be taken ko prevent the presence 
of these poisons ”.4 f 

* The mixture of blue wa.ter gas an^^^ta-im is ^a^sed - 
over the catalyst at approximately Atmospheric pressure.* 

^ On leaving the reaction chamber after passage through 
suitable regenei;ators,*^the Aas is cotupressed^'to a pressure 
of 30 atmospheres (441 lb. per sc|. inch) and than passes 
tb tl^a bottom of a hjgh tower packed mith Hints, tii 
which it meets a d9wnward flow of water which absorbs 
c the carbon dioxide, and also Ihe sulphurett(?d' hydrogen 
which is present in the ^as to 3^,yery slight extent. Thcjp 
energy^in^ the w^Ver leavii/g the tower is recovered in 
the form ofr power by letting it impinge on a Pete;*i 
wheel. « « . • 

^ The removal of tho 2 per cent, of carbon monoxide 
is acccAnplishefl in a similar tower ; only in {his c^fse 
avs^iution of ammoniaccij solution of cuprous chloride is 
use^ instead of water^r- Given an adequate size of tower 
and volume of the cuprous chloride solution, the pressure 
^ at which the] gas is introduced into the tower may be as 
low as 30* atmQspher<£s (441 lb. per sq. inch); however, 
where* the gas is to be used for making synthetic am- 
^ ^m^'nia it is usual to compress it to 200 atmospheres 
(2940 lb. per S(|, inch) before passing it through the carbon 
moc'.Sxide absorbing tower. TK"‘use of this high pres- 
*^sure is ultimately necessary in the ammonia 'process and 
^ iUre(iuce^the size of the^cower \vhi(jh has to be employed. 

The cupfous chloride solution, after leaving the ab- 
sorption tower, is passed through a small vessel, in v^hich 
•it givfJ's up its carboA moi^xide. The gas eyolved from- 
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solution is pfeBSedVhrou|;]i water in order ^to prevent 
ammonia Ipss, ^ ^ • * • • ^ 

Theadvaatages of thiy^rocess over the Iron Contact* 
process are : — ^ “ 

I. It isvoAtinuous in operation. 

* «. Jt is nK)r^ jconomicab 

• 3. The whole of'^he sulphur compounds in the blue 
gas are converted into sulphuretted hydrogen and* are 
completely alJsorbed by the Mgh pressure water scrub- 
bing. • 

• 'The disadvarftages as compar,ed with the li^onjCon- 

• tajct process are*; — , 

1. Greater complexity of operation. * , 

• 2. For aeronautical i^vposes*the percejutage of nitro- 
gen is^igh. • ' • # • * * 

Description of •Plant The diagram (Fig. i2| 
shows the method of operation of this process. Ste%m 
. enfers b^ the pipe A and mixes with blue wafer gas 
entering by the pipe B, the ^eejil of (low of* each bahig 
indicated on se| 5 arate gauges as sho’^n. 'the mix*tui*t^of 
steam and gas passes* through the reg;enerator or super- 
heater C and flows, as indicated b*y the myrows,® over 
refractory tubes, through which tho hot pmdiMs^of the 
reaction are flowing in the reverse direction. ^The heated 
mixed gases flow via the pipe F into the generator an«l, 
increasing in temperature, p^s« through^ the catalytic 
maW^rial, where rcacti()n/takes place with tlie'evoluH^n 
of heat. T[iey then flow as indicated by the arrows 
back through the rege^ierator, parting witn their heat 4 a 
thg incoming j^ixture of blue water gas and*steam. • 
Tjiermo-tauptes are placed in tfie contact, mass so 

that its tempprature may be controlled by increasing or 

• \ • 
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iiftheih 


ficoming gaseou^ 


redficjng riie quantity of stjpam 
^miAupe. ' ^ 

• . ^ If' 

“ • The whole apparatus^ is ^very effectiv»ely lagged to 
f%educe the heat\osses po a miniinfium.. 


Superheater or 
Regenerator 


To Ml ill -'Voltmeter 


Thermo-couples * 
for Temperatures 
-^between 4-50 & 500"* C 
a-* G 


Contact ^ 
Material 



f • 





D/6tomite Brick C^yen 
throughout, boj^nd IV it h i. 
Painted Cloth 


To Mi Hi 
voltmeter 


The following patents on this process by‘tl;|e Badische 
Analin ^nd Soda FabuSk are*in existence : — 

English patent 271 17. 19^2. , 

„ • „ 27963. "191'’^: 

. , French ,f 459918. 1913. 
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The following'patints relating to the^fenSral qjifemi- 
c^'reactiqp in thi» process have been taken out * * 

Tessie du Motay. ^ U.S* pajtent, 2 29338. * 1880., 

• „ /.229339. 1880. • 

* „ 229340. 1880. 

English „* 22340. 1891. 

French. „ - 355324 - 1505* 

U.S., H54157. 1907. 

Chem. FabrikGreisheim , 

^Elektron. British ,, 2523. 190^. 

Naber & Muiler. ^ German* ,, 237283. 1910. 

Using Lime* -Jf carbon monoxide , together with 
Steam is passed over Ipve at a temper^ure of about 
500'’ (!., the monoxide is absdrbad witV the foamatibn of 
raillum carbonate, and hydrogen is evolved in accord- 
ance with the following equation : — ^ 

c;a0 + nfi + CO - CaCOa + H,>. ^ . 

lilveStigation of the above reaction by I^evi & Piva^ , 
indicates that fhe chemical *changji takes place ^in* two 
stages, in the first of, which calcium fprmate is produfed, 
while in the second it is decomposed with the e\5olution*^ 
of hydrogen and carbon monoxide as is^^hqyn in the 
following equation^: — • - •• 

(1) CaO 4- H,0 + 2 CO - Ca(COOlf)o, * ^ 

( 2 ) Ca(COOH).^ 1 - CaCb, + CO + B,. 

<4 

. It .can, however, bf/seen from these e^uatig^t^ibat 
whatever , volume of carbon monoxide is permanently* 
absorbed, an equal volume of hyWrogen^ evolved** . 

, fjow, sin^ blue water gas is, roughly peaking, .half 
hydrogen a^ half carbon monoxide, by passing, it over 

• * •• • 

i “ Journ. Soc. Chem. trid.,’’ 1914, 310. 


M >) n • 

PujlmJn & lilWbfth]^. 
"Llworthy.* 

Ellis & Eldr^id. 
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lime jandefr th§ conaiuons^siacea aDove, a gas equal 1; 
Volfimre to the water gas, but wholly joomposed of hydro- 
•'gen, isp produced. . ^ % 

In the comniercial pperation 6f this process, the lime 
is contamed in a tower, •which is initially ^ieated to a 
temperature of about 5oo‘'’‘C., but siiv:^' the abs#)rp^ion 
of the carbon monoxide is exotherfnic, after the processf 
f has started, no further heating is required. 

When the lime has become sluggish in its action, by 
the formation of a crust of calcium carbonate,* the blue 
gas if;*diVerted through a similar gDwdV, ^hije the con- 
tents of the original tower are heated ih sitti to a tem- 
perature sufficiently great to deco,rnpose ‘the calcium 
carbonate, an^J thus the tower«‘«; again ready for use. * 
T ffis process ir protectefl by the following patents : — 

Chem. Fabrik Greisheim 

• Elektron. British patent 2523*.^ ^909. 

Dfeffeijbach & Molden- ^ ^ 

hauer. , ‘ ^734- *1910 

hTllenberger. ^ * IAS. ,, 9^^9955 i9i2. 

Ch^iin. Fabrik Greisheim 

• ^ i • 

Electron.. , British „ 13049. 1912. 

(4) Miscellaneous Methods of Making Hydrogen, 

* % 

* /fiiE Cakhonium Qkskllsciiai-t Process. 

# 

'Acfctylenc, — If acetykcihe is compressed and 
then subjected , to an electric spark it unaeirgoes dis- 
seoiafeion.into its elemeifts. 

. ’ * * 

Acetylen^ can 6e most easily generis^ed from the 
action of \vater on calcium carbide, thu^ ^ 

CaC2^4-'2H20^= C 2 H 2 + Ca(OH) 2 . 
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^ The acetyleivl.pro\iIlc6dMs then compresS^id in yery 
sbipng cylinders ar^d silbjecteci to an electric spark /when* 
th® followih^ feactiAn takes place : — *, , # 

, C2»2= c/+ ' 

If the at>eiylene is produced from calcium carbide, 
apffl'ox^mately 1*7^ lb. of caldium carbide and 100 lb. of 
Vater are’theoreticaify required l/j produce 1000 cubic 
feet of hydrogen at 40*" F*. and inches barometer, • 
while, at the same time, 39 lb. of carbon in the form of 
lamp-blafk is produced. 

^ This ptoc^ssTs ernployed by the Carbonium Geself- 
schaft of Frederickshaven^ for the ii>flation of airships, 
while the carbon produced is sold and is* vised in making * 
jpirinters’ ink. As used^Sy this compares the ^gas is 
compressed to* about 2 atnfbspheres#(29*4 lb. per sq. 
mch*) prior to sparking. • 

Thd* following ffeitent, rehative to this process, is iij 


existence : — 


Bosch. German patent. 268291. * 1911. 

The decon'i^osition of acetylene may be obtained^ by 
heating ; thus, if acetylerye derived from calcium carbide 
dr some other source is passed throbgh a tilbe hd^ted to 
about 500"" C. it decomposes, in ^ccor^ajicei^with the 
following equation, with the evolution of heat * 


QH, = C^+ H,. 

Such* is the quantity pf heat liberated, that aftj|; the 
temperature of. the tube has been raised .until^decom-. 
position of the acetylene begins no furt^r externaUheat^ 
is required. » t ^ ' 

* The car^n produced may be •chiefly removed by 
filtering the gas* while the residue* which still, f^mains 
.‘mav be removed by scrubbing with water.^ • 
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This prticess is protected By'itfe faHewing* patents 


« t 

Picet. Fre*nch patent 

00 

,1910. 

i 1 

421839. 

* # 

Englfsh ,, 
German • ,, 

142 

1910. 

255733- 

19 ^ 2 . 


* vf 

From Hydrocarbon Oils* — Wkile the decqmpositioq 
of acetylene is attendeU with the evolution of heat, most 
other hydrocarj^on ^asesMbsorb heat wheli they decom- 
pose into their constituents ; consequently, tQ, produce 
hydrogen from other hydrocarbon gas«or volatilised 
hydrocarbon oils, it is necessary to supply heat during 
the process. . * • ' 

The nece^ary heat^may te^supplied by passing thf* 
hydrbcarfjon gas^or vaporised oil through a tube* of re- 
fractory material which is externally heated, or th^ ii? 
^enipus Rincker-Wolter mt^thod be used. , In -this 
process the rough principle is to use a generator similar 
to a “blue-gas/’ generator filled with coke, ^y means 
o£ ap air bla’st the tempjiraj:ure of the coke is raised to 
abqut ^200** C., then, when this temperature has been 
reached, the air supply is stopped and crude oil is blown 
in at the bottom of the hot coke. 

The oil ia ipimediately volatilised, and passes by ex- 
pansion up through the hot coke, during which process 
it is decomposed j’nto hydrogen and carbon, the latter 
to a lafi'ge extent attachip^ itself to the coke and becom- 
ingKl^f^ree olf fuel. When th^temperature has. fallen 
too low to effect a complete decomposition of, the crude 
oihtbe injection is stopjfed and the temperature of the 
coke again raised Uy mean? of the air bl<^t. The* g^s 
produced by this process is stated to have ^le following 
^comd^sition : — 



. CHE|IICAL M^HOPS * .lit 

•1. ^ * * P«Cent. 

, ^ by VoJuAc. 

Hydrogen . . ! . . 96*0* ' 

^ Nitrogen^ .* ^ • V'3 • ♦ 

Carbon monoxide <1. . . 27 > 

• . • 
The of hydrogen made by iHis process must 

de^nd almc«t ^qtirely on the price »of crude oil ; it is * 
stated that, with crude oil at twopence gallon, hydro- 
gen can be produced for about seven shillings a thousand , 
cubic feet.^ * ’ ^ . 

The following patents deal with this or somewhat 
sihiilar pr^esses*: — ^ ^ • *, * 


GeisenUergej-. 
Rincker & Wolter.* 


> % >) 
Berlin Anhaltische 

m • 

Ma^chinenbau A, G. 


C. EWis: 


French patent 361462. 1905. 

„ , n **391867. 1908. • 

n ^91868.^3908. 


German ,, 
French ,, 
English * „ 

U.S. . „ 

• . » 


26jg44. 1913. 
466040. r9i3. 

2054., 1914. 
i*09?903- 1914- 


From StaVch. — When yeastf which is a’ kvyng 
organism, is introdliced* into a Solution containing^ 
sugar, fermentation results with the pi^oducfion of 
alcohol and carbon .dioxide, which »may bo exf/tepsed in 
an equation as follows : — « • • 


CnUnOn + H^O =.^C,H«0 +* 4CO2. ^ , 

• ® 

^An analogous pi;oc«ss to'* the above is^emjjlOTed 

commercially for the production of acetone afm butyl* 
alcohol. * S N * * H 

When wtet is kn^iwn as the Ternbachj3actllus*is* in- 
troduced int9>/tai;ch jelly, /^(CsHioOj),* acetone, (CH3)a’CO, 

• • » » 

• ^ “The Hydrogenation of Oils” (ConstableJ. * 
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andcbutyl alcohol, CH^CH.efi^C^l.ok, are produced ; 
fit the^^ame time there is an'evoiutiop of gas which is 
tcbiefly, ‘hydrogen and carbon dioxide, buj; it' also cdh- 
•tains a little nitr&gen: * ^ • 

As there is great cjemand for acetpi^^'-in certain 
localities, large quantities |Of hydr6gen^ ii^ this mipure 
form are bein|sj produced as a by-product. r If th^ 
carbon dioxide is absorbed by passing the gas under 
pressure througji water (Bedford method)^a gas is pro- 
duced of about the following composition : — c 

* IJydA^gen 94-0 

Nitrogen 

The abovo is not a process fon the production of 
hydrogen, butf the hydrogen p^^ocluced may be frecyiently 
usefuily efnployed if th^re'fs a local demind for it. 
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THE MANUFACTURE OF HYDROGEN. 
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CiiEMico-PiiYsi(*AL Methods. 

« 

^ Linde^.^raflk^'Car,o Process^—The most important 
^i«€thod of producing hydrogen, in which chemical and 
physical methods ave employed, is one* in which the 
chemical process results in*<he production blue w,ater 
gas, and the physical in the ^■^att*atioi:i> of the‘*chemical 
CTim^ounds (qhiefly carbon monoxide) from thb hydrogen 
by liqtftfaction. * 

•I -» 

Twe Sej^aration of Hydrogen from yLUE Water 



The separahon of mixed gase4 by liquefaction* is 
a subject of very great Complexity^ and oijie int^o the 
intricacies of which it is not intended to go in this work, 
but for further information the attehtion Y)f the ’j^iad^r 
is directed to the two following books : — § 

“The Mechanical Producition of Cold,” by j. A. 
Ewing. (Cambridge University Press.) , ^ 

“ Liquid Aii;, O^yg^n, Nitrogen,” by (Claude. 
(J. & A. Churchill.) ^ . . 

Ay gases a,re capable of bein^ liquefied^ belt iiiARe* 
case of hydr.og^ and helium ^ the difififculties are so great 

, i 

^ This gas, which was the last to resist Miquefaction, lva»-) first 
li^iuefied on loth July, 1908, by Profe^or Kamerlingl^-Onn^*^ 

• (n3) \ ’ 
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that is ortfy by means of tHe highest tAlhnical skill and 
very costly apparatus that thfs caft becaccomplislied, 

' • OrrginaPy it was considered that* to obtain a gas^n 
the liquid state the sole necessity/ w^s pressure ; how- 
ever, all gases p'ossess a physical' propQ»*ty> known as 
critical temperature} The critical tpijipcratur^ of a 
gas is that tem^rature above whi<^n the gas cannot he^ 
liquefied, however great the pressure to which it is sub- 
jected. . ‘ 

Prior to the realisation oY the existence of the critical 
temperature, chemists, and physicists subjected various 
gases to enormous^3ressures in the hope*df causing thep^ 
to liquefy, anej,' though they failed^ it is ihteresting to 
observe from ^^he accouhts of ^l^eir experiments that tht 
compressed gas tattainec^a density greater thdn the 
same gas in the liquid state at atmospheric pressures 
, Besides critical temperature, anDther term #rcq»5ires 
definition, that is, critical pressure, which is the pressure 
which must be exerted on a gas cooled to critical 
teriVperature to produce •‘iqvefaction. 

•The following fable of critical tefnperatures and 
pressures of the constituents of«blue\vater gas is interest- 
ing 


f f * 

< GaS. ^ 

f ( 

Critical 

Temperature. 

Critical Pressure. 

t 

Carboi^iaonoyide 
„ dioxide .y 
^•Nitfogen . / 

Methane* . 

Sulphuretted Irydroget? 
Oxygen ^ . 

rt < ‘ ' 

-'234-0° 

- 1360 • ‘ 

■f 30'92 

- 146*0, 

t- L-o , 

+ 100*0 

- 1 1 8*0 

294 lb. per sq. in. 

492 5 > • »> * 

485 » >> 

820,, 

130 \ » .. , 

.’ 35 \ 

( 


^ Discovered by Andrews, 1863, 
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From this t^ble is seOn that the critical tempera- 
ture ol* hydrpge^i is'88^'C. below' that of itSdUeare^t 
a^sociate^ nil;roged ; consequently, if the b\pe water gdn} 
were cooled to - ^146’ C/ while subjected to a pressure of# 
somewhei'e alpout 500 lb. per, square inch, the whole of 
thi gas, wiih 'the fexceptioiji of th<f. hydrogen, would 
, liquefy ; -therefore, .-reparation of a liquid from a gas 
being a simple matter, the problem of the productfon ofo 
hydrogen fro‘m blue water ga:5 woiild b<^ solved. 

If a gas is cooled beloW its critical temperature the 
jS^essure which has to be applied, to produce liquefaction 
^ much reduced. Now, since the boiling point of a 
liquid ahd the condensing point of a vapour under the 
<£ame pressure are the s^me temperature, the boiling 
points of the various gases v=j^ntained. in blue, water gas 
♦^^an-be studied with advantage. 

Boili^jg Points of Some Liquid Gases at Atmos- 
’ _ „ PHERic Pressure. • 

* 

Gas. ^ Boiling Prjint. 

Hydrogen . . . . - 253*0“ C.* 

Carbon monoxide ' . . . . . - 1 00*0 

* ) > 

,, dioxide 8o*o ' 

Nitrogen . . . . . ,> • o ^ i^S '5 

Methane . . ' . ’ , ... . - 164*7^*’ 

Sulphuretted hydrogen . , . ^ 6i*6 

Oxygen . . . . . . . ~ 182*5 . 

• Therefore, it cart be seen that, if blqe ’\vater gas^ 
were cooked at atmospheric pressure .'o a temperature 
below - 195*^5° C., the whole of^he constituents of-tlie 
ggis, other thah hydrogen, would be liquetied, and Con- 
sequently aii*easy separation could jDe made. , . ^ » 

To sunyuarise, the liquefaction Of the constituents of" 
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blue^Y^atei* ga^ other thai/ hydrogen,^ tan be ^ccom- 
plisKed® either by a'moderateMegfee cQolin^ and the 
application pf pressure, of byj intense coaling and ifo 
•application of pressure. 

Production ok Hydrogen from W^ter C/as*" by the ^ 
Linde fROCESS. 

OLI4 CO ‘ No Ha 

Sulphuretted Carbon Nitrogen. Hydrogen. 

Hydrogen. Dioxu^e. Monoxide. 

.7. .57. .,7. -3,77. 37. 5.7. 

- - -gr i/p 

* * ' ** 

Oxide boxes. H^S {.artly absorbed. i 

f I * 

C 

Compressor. 2o^A^ospheres (294 Ib./O"). 

f) I r 

Pressure Water Scrubber.’ CO.4& HaS alyiost entirely ali.v?*-b<}d. 

* I 

Caustic ^oda Scrubber (NaOH 3o°/o)> ^^st traces CO2 & Ha^absorbW. 

\ 

Ammonia Coollir. Water Vapour concfensed, 
Temperature reduced to 25° C. 


• ^inde.Still. fp'inal Temperature - 205'’ C. 
••Methane, Carbon Monoxide ^ Nitrogen liquified. 


I 

^Jethane, Carbon Monoxide 
&* Nitrogen.^ On Evapora- 
tion to gas engine operat- 
ing the whole plant. 

€ * • ‘ 

1 [n the Linde- Prank-Caro process^ th^ l?lue water 

gas ,vi .compressed' to 20 atmospheres,' and wnder 
‘ gressitro it ^s passed through water, which removes^ 


I f 

il^eous Hydrogen 
^2 ^7% by Volume, 

CO 2 „/ „ 

N2, f 

( 
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practically the* i^hole of carbon epoxide and sul- 
phuretted hy^lrogen.* It* is then passed throu^ fubes 
containing* caustic soSa, whjph removes tfae remaining 
traces of carbon* dio^:iae, sulpj;iuretted hydrogen, and* 
water. , * , ^ * 

• Tbe ga« Ihjis ‘purified ifrom th^ise constituents now 
• passes to the separ;i%or proper ; ^the r^son for this pre- 
liminary removal of some of the constituents of the blue- 
water gas is^due to the fact that, iii the> separation of the 
carbon tnonoxide and nitrogen, such low temperatures 
ITave to be^rei^bted that the water^ sulphuretted fiydi?ogeh, 
•ajid carbon ‘dioxide would be in tjie solid state, and - 
would, therefore, t^nd to block up the' pipes of the ap-* 
•paratus. ^ ^ 

the apparatus operatd>^in the#rollowir>g manner, 
^whfch will more readily understood by cf)nsulting the 
didg^iwm (Fig. i3).t— 

Tlfe purjfied water gas parses down the tube* A, 

, trtroughi coils in the vessel B, which is filled with 
liquid carbon monoxide boiling at atmospheric prti^sTire * 
( - C.), * Now, since the Wefter gas is unSef fires- 

sure and is passing T:hroi 5 gh coils cooled to its tempera* 
ture of liquefaction at atmospheric pressure, the bulk of 
it liquefies (theoretically more gas^hould be fiqi^(^ed in 
the tubes than is evaporated outside them^ • • 

The gas, containing a considerabte amount of liqiiid^ 
saturated with hydroggn, paises into J:he vessel C, 
whicht is surrojunded* by liquid nitrogen bofliiip^ under* 
reduced pressure giving a temperatuVe of - 205'’ 

Herje the remainder, of tlie cartbon monoxide and^tfie 
nitrogen priginally contained in th^ gas liquefies *and 
hydgDgen of* approximately the following corpppsition 
^•passes up the tube E : — 
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tr 

Per Cent, 
by Volume. 

1 ’ Hydrogen . • . . ^ . 

• 97*0 

Nittogen . ^ . 

. , i-o 

tnonbxide • 

• v° • 

Sulpnurette*d hydrogen . 

*. • . nil. 

Organic sulphur compounds ^ . 

* $ 

. . . 

•When the gas is required to be of high [purity it js 

^ MesSrs. Ardol of Sjilby, Yorks, who 
si^pplied the author v\^ith this i^ormation. 

employ this process, kindly 
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. I ) " 

subsequently passed bver tolcifim carbide (fesoda^lime, 
the reactions of ^hicl# processes wil> be^dealt wijR later, 

^ DuriAg; .the operation of the process liquid*, cartipn* 
monoxide and som^ Ifquicf nitrogen collects in C.*^ 
Now thiJlignid gas is under pressure cind can* therefore 
be? rqji ba«k\thr(5ugh th^ tube Y via the cock G 

• into the j/essel 6 ^ut B is atmqjfpheric pressure, 
consequently some of the liquid gas jJassing through 
will be vofiitilised, with consequent .fall in tempera- 
ture of tthe remainder. 

• The liquid .nitrogen used in the vessel D .is pro- 
,f]uced in a special iMnde machine from the atmosphere. 
TTi^ v^tpour of cafbon monoxide, with a little^ 

• nitrogen and hydrogen^ from 4he vessel B is used to 
cool^he inconjing punTied v^tpr gas, as^is shown* in the 

^ diagram. This method of using tne ccjjd separated 
g^^c for cooling J:he gas going into the apparatus is 
termed “ Cooling by counter-cjjrrent heat exchangersfj” 
atid it jpay be regarded as the essence of effioiency in 
all low temperature gas sepa^ion. * * 

The consumption of power ip this process^ is theo- 
retically very smaH, as^much carbon monoxide should 
*be liquefied in the coil in the vessel B is v6jatilise3 
outside it (this is theoretically tgue wl^eu the presjure 
of the gas passing through the coil is atm^|)heric). 
However, in practice, the necessity fpr p5Wer consupip- 
tion arises from the fact tljat liquid nitrogen musf^ 
be continuously supplied to the vessel* D •in^cfer to 
prevent .the temperature of the plam rising from ex- 
ternal infiltration of heaft, whic^ takes %placejn sgjt^tstf 
the most effettive lagging, . • 

Jn practice,* the power obtained from using the sepa- 
rated carbjon monoxide as a^fuel is sufficient ^cT fun all 
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the machii|es necessaryl'or p^e optra.t[oR of a plant pro* 
(Juci^g- 35CXD cubic feet of hyilnogeo or^more per 4 iour. 

Thus, to very roughly indicat>e the cost^ of ^operation 
,of this process, neglecting* all depreciation, etc., it n^iay 
'be said that, on<^ plartt of the size ‘memioned above, 
unit volume of blue water gas yields^ *4 volume of 
hydrogen of abcmt''97 per cent. puy*ityf or, on the basis^ 
of a/:oke consumptioifof 35 lb. per 1000 cubic feet of 
'water gas, the hydrc^en •yield is 25,500 cftbic feet per 
ton of coke. 

PuHfication of Hydrogen.— iWhere very pure 
hydrogen is requircsd it is necessary to employ gtemicffT 
methods to renaove the 3 per cent, ‘of impurity, which 
may ^e^ done \^y passing the*g&s through heated^soda 
lime, whetti the caibon ihj^oxide is absoi^bed in accord- 
ance with thb following equation : — 

2NaOH + CO = NaoCO, 4- H., 

• " 

or, on the other hand, it may be passed througl^ heat<fd 
calf.iiipi carbide (over ^00^ C.), which possesses the 
advantage of not onljj; reTnoving the carbon monoxide 
but also the nitrogen. The reactions taking place are 
indicated in the follotv^ing equations :~ 

CaC'2 •h CO = CaO^+ 3^, 

CaC2 + N, = CaCN,, + C. 

The following is given as an analysis of the gas 
purified by mejns of soda? lime 

. i’erCem. * 

f by yolume. 

Hydrogen > • ^ • • 99'2-99‘4 

C^irbon* moijpxide . . • . nil. 

Nitrogen . , . o*8-o‘6 

• • 

Thb following patents^ are in existence for the pro- • 
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^ •• • A ’ ** 

' duction of hydrogen Iiq\efa/tion methodfet from^blue 

water gfas: — . • ^ 


French 


water gas : — ^ 

Elworthy. • • 

Fr^nk. • 

Claude. % % 
Ges-fu^i^Linde’Sl .If is- 
♦ maschilien A.G. . ' 
C. von Linde. 


Ghemipal purification — 

Frank. . lAench 


Frencji patent ^ 355^24 
English . „ ^ 26928 


26928. 

375991. 
A 17983- 

1020102. 

f020I03. 

1027862. 

1027863* 


*371814. 1906. * 


Diffusion*-r-The separation, of hydrogen* frdm the 
•^othtr constituents of blue water gas has be«n proposed, 
emi^oying diffusion ,for the pyrposb. Graham expressed 
the law* of diffusion of gases as , 

• Thf relative velocities of diffusi^^n of afly two 
gases are inversely as the sqqai;^ roots of their densities.” 

That is to Say, if a mixture of •two gases of Siffejent 
densities is passed through a porous* tube, e.g. unglazed^ 
porcelain, in a given time, more of the lighter ga^would 
have passed through the walls of die tube* than of the 
heavier, or, to take a concrete example, ^supppse the, 
mixture of gases was one copiposed ®f equal parts i)y 


volume *of hydrogen and oxygen, then, sincd their 
densities are as i to ^ 6, and since, therefqre,’ roots , 
of their densities are as i to 4, in a ^iven time four 
times as much hydrogen would diffuse' through* tlife 
medium as oxygen. * 

T^he densities and the square rpots of the, d^insities 
of the constituents of blue watei gas kre given below : — 
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Density. 



0 

I 


‘’14 . 

3*7 

22 

/ , ‘♦‘Z' 


/ " 3-7 


• 2-8 

t7 

4V 

i(^ 

4*0 

- 


that, if 

blue gas 


Hydroj^an . c 
Carbon monoxide 
dioxide:; . 
Nitrogen . 

Methane . ‘t . 
Sulphurette^l^ hydroyen 
Oxygen . . . 


passed eontinuously through a porous tube, the gas dif- 
fusing through the tube would contain* ihore hydrog;^n 
than the blue gas originally contained. Of course, in 
the successful operatioti of ^ diffusion separation it m 
necessary^ to rl^nKjve thp^as which diffuses through the 
porous medium as well as the residue which is left un--* 
diffused. The former ma^^ be dojje by maintaining a 
constant pressure by means of a suction pump, while 
the latfter can he done by regulating the speejl of ftbw 
tbi‘o«gh the diffusion tj^bg. It is, of course, essential 
th^<h^ undiffused g^as must be removed from contact 
with the porous medium after a certain time, as it is only 
a matter of ^ime before the whole of the gas will diffus'e 
through <he ^medium, and thus destroy the work of 
separatjon. 


The DiFFftsioN Medium. 


sfeleption of the diffusion •material is a .subject 
of considerable difficulty ; if the porosity of The material 
*>6 too gr^at nd diffusi<jn takes place, but the gas j)asses 
through the Wterkl without any appreciable^ separation 
taking place. Thus, if a mixture df hydrogerj and 
oxygen is passed through a fine capillary tpbe. the gas 
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issuing lyill be fbund to be y tile same comftositio* as 
the original ga§. • * * * » * • ^ 

It is int«»esting to ^ note in this copnecfion that, if ' 
pui^ hydrogen wege fi?st ^passed ^tRrough the tube and * 
then pure oxygen, in a given 4;ime n-fbre hydrogen by 
** volAme^^woirfd ipps* througli the ti>be than oxygen. 
This differential ra^c^ of flow through ■ tubes is called 
“ Transpiration • 

If the porosity of the material is^insufficient, the time 
required to effect separation Is unduly long. It may, in 
this connection, be mentioned th^it it has fronf tw^e to 
time been sup;gested that by means of, diffusion it would 
be possible to sepaj;ate a mixture of gAses of different 
densidcs without the cjDfi^umpfton of power.^ How- 
ever, m practice this has nol b^an foiyidto b(i the^case, 
^as, ill order .to obtain a reasonable speed ofc separation, 
a difference of presfure between^the two sides of* the 
diffusioh material has to be mairftained. 

• Joyv£ and Gautier have employed a dTffusion 
method in order to separate#h|idrogen from blue^^rer 
gas, and it is sfated that, by a single passage throQgJi a 
porous partition, the* percentage of tarbon monoxide in, 
the gas passing through the medium was r^duce*d from 
45 per cent, in thepriginal gas to S per cent. • Whether 
this process has been employed on a con^ercial scale, 
is not known to the author, yor has he any knowledge 
as to the? amount of pow^r reqiyred to obtain a definite^ 
voltime of hydf oger/ 'practically free from.carl^li mon-, 
oxide. • • 

Xhe follcyving patents, in which diffOteion Jias be^^ 

* • • 

' It is theoretically iaipossible to separate a mixture of two gases 
withofit the consumption of power, but the»theoretical recyiyements 
^‘are almost negligible. * • 


• p 
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employed *for separatil.g ijfAixed gasec, ^lave bq^n taken 
'^out 

* JoLPve &Gavtier. Jh^ench patent 372'Cf45. rpoS 
Hoofnagle. ,U.S. ,, *105602^ 191*3 

' # / # 

Separation by.Centrifygal Force*—/ vV^ien ^ma^is is ^ 
compelled to move inp circular course a force acts on k 
whiv:h is a function of its mass, linear velocity, and the 
radius of curvature 6f its*^path, which may be expressed 
as — 

Centrifugal force == * 

where w ~ /hass of the boc^y, 

V* — its linear velocity, • 

the raduis of cwrvi'ture of its path. 

Therefore, since a great^ force is acting on the he^ivier* 
of two particles mo\sng on the same course with the 
•same velocity, the heavier particle will tend to move 
outwa«d from Jts centre of rotation to a ‘greater extent 
th^g jhe lighter. Thi^ principle of centrifugal force is 
employied industrially^ ^or many purposes, such as the 
separation of cream from mill^, water from solid bodies, 

‘ honej^*from' the colnb, etc., and it has been suggested 
that it n)^gbt ^bc us^d to separate hydrogen from blue 
watef gas. However, though a certain amount of work 
' h^s been dSne ,0n this problem by Elworthy’ and 
Mazza,“ as far as the author knows no satisfactorv results 
ha\^ tecD obtained. 

The^ special physical questions involved’ig the sepa- 
vjtidh of ga^s of di^erent' densities by means of a 

centrifugal n^achin^ have been considered theoreticaljy 

« 

• ^ 

^ EIworthy,< English patent, 1058. 1906. 

^ Mazza, English tpatent, 7421, iqo6. 
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by a nimber oP physicists, yhole conclusions are that 
very high velocities must ber given tct the gas to 9E)tain*' 
an)!^apprec*ia^e sep&ratfon ; it has been ^ho^n th*^t, if a 
drum 3 feet in dianjetef ^.Ad one fobt long filled with a 
mixture af 15° ^C., containing %) per c^ht. of hydrogen 
’ and*20 per c©nt?iof air, is rotated at ^20,000 revolutions 
per minute, a conditfpn of dyna;yiical equilibrium will 
arise when the peripheral gas and the axial gas •will 
have the following compositioh : — * • 

• Axial Gas. Peripheral Gas. 

Hydrogen % » . . ^97-8 

Air V •*. *. . 2-2 33*9 

% ^ 

Since*the*density of air and that of Ccfrbon monoxide 

ate almost the same and^ almost identical 
theoretical resuks could be obtaiaed by giving, a similar 
Notary motion to a mixture of 80 per cent, hydrogen and 
20 per cent, carbon nftonoxide. However, the enormous 
speed of*rotation and a practical method of removing tjie 
, axiSl and4)eripheral gases makes this question one*of the 
greatest technical difficulty, ag<i^t be tha^nhe 

power consumption to produce a giten volume ofTiytijo- 
gen from blue watdf g^ may be ’greater than that 
required to produce an equal volume of hydrogen by 
electrolysis. 
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THE MANUEACTURE OF HYDROGEN. 

• Physical Methods. 

Electrolysis. — When an electric current passes 
through a solid conductor a magnetic held is created 
round the conductor and the conductor is heated by the 
passage of the current, both of which effects bear a 
defirfite relatfonship tg the magnitude of the current 
passing, ^ome fiquids are also conductors of elect; icity, 
e.g.^ mercury ; the passage of a current through such a 
'‘conductor produces results identical with those produced 
in solid conductors. Other liquids are also conduct'^irs, 
btitfi besides the passage of the current creating a mag- 
netje- field and a heating effect, a portion of the liquid is 
split up into two parts which may each be a chemical 
elem^Vit, or^one or either may be a chemical group. 

, Thus^ iCt\j^o pla,tinum plates are^ placed as shown in 
the dikgram, one plate being connected to the positive 
pQ,le of the ^oatte^t^y and the other to the negative, then, 
^ if a stv’ong aqueous solutibn of hydrochloric acid is put in 
thd vesset containing the plates,'^ decomposition of the 
liquid will take place ; hydrogen will be gi^fe.n off at the 
*-iJegative^ plate or cathode, and chlorine at the positive 
or anode. ' 

If the solution of hydrochloric acid replaced by one 
, of cafisHc soda the 'caustic soda is split up by the current 

026) ^ ^ 
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into oxj^en, which is liberate^ atjthe anode, ahd metallic 
sodium which is cjepcsited ^n the cathode ; but^ kince^’ 
metallic sodiij/n cantiot exist in contact with wat^r, the 
following’ reaction takes p^ce at the catliode 

, + 2H2O - 2NaOH + 1^2. 

*’ ^ ^ ^ 

Thus,. by a secondary reaction, hydrogen is liber- 
ated at the cathode, or, in other words, water is split into 
its constituenfe, while the causlic soda is reformed. 

Now, let the caustic soda' solution be replaced by an 
aqiieous solution of sulphuric acid. In this case hydro- 
gen will be liberated at the cathode and the group SO4 
at the anode,' but the group SO4 cannot exist in contact 
with water, as the following reaqdon takes place : — 

« 20O4 -H 2H0O = 2H‘jS04 +O0. ' 

) 

Thus, by a secondary reaction, oxygen is liberated 
at the anode, or, in other words, water is split into it^ 
^ constituents while the sulphuric acid is reformed. « 


-f 


. 

1 ' ' -8 


i 

•f: c: 

Ho ^T- 

^ Electrolyte 



0 ^ 


Battery 


. P'lG. 14. — Electrolytic Cell. ^ ^ 


Ljquids which, under the iq^luence oi th^ electrii* 
cftrrent, behave in the manner of tha above are termed 
" Electrolytes,” a'nd the process whfreby they, aje split 
up is called “ Electrolysis , 
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The lar'firs relating (o t/is decomposition ofr liquids 
by tKey electric curfent were enunciated by Faraday as 
follows: — , „ * * »f " ^ 

1. The quantity df an elect?rol^te Recomposed is pro- 
portional to the quantity ^of electricity wh^h passes. 

2. The mass of any sujistance liber/ited by a giVen 
quantity of electricity^ is proportipn^l to the^ chemical 
equivalent weight of the substance. 

By the chenuual VquiiJalent weight of a substance is 
meant in the case of elements, the figure which is ob- 
taineRr by dividing it? atomic weight* by its valency, 
while in the case^ of compounds, it is the molecular 
weight divided by the valency bf the compound* How- 

ever, many elements hai»e mqrvi than one valency, there® 
fore Ihey, ha^e more .than one chemxal equivalent 
weight, as ran be seen'^frorn the following table ~ ^ 


Sr 

Atomic 

f 

Chemical Equivalent 

‘ Eluent. 

Weight. 

Valency. 

Weight. *■ 


•?— 

t 

_ - . 

Hjidfbgcn . 


I 

' 1 

Oxygen 

V i6 

, 2 ^ 

8 

Gold • . ^ . 

197 

3 or 1 

65 "6 or 197 

Tin ‘ . 

1 18 

4 „ 2 

29 *,S » 59 

Phosphoruf ' , 

G* 

5 3 

6*02 ,, io'03 

Tungsten . 

c 

184 

6 „ 4 

30-6 „ 46-0 


^ F'r&m Faraday’s lajvs it can be seen that, if the 
^weight qf any substance liberated by a definite current 
in a definite tim^ is known, the theoretical weight of any 
substance which shoulR^be liberated by a definite current 
in atiefinite time caR be calculated, if the chemical equiva- 
lent weight of this substance is known. •Very.cg^reful 
'experiments have b^en made with regard to, the amount* 
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of silvet deposited by a cui^nt^of one ;ynpere 

for one second ^ne* coulomb) ; tKis current (^posits 

<4 * a i ^ 

** *001 i^S^ram of jylvet^ 

• • . . . 

from an Aqueous solution of a silver s^lt. 

‘•Now the^an^mic "Weight (jf silver i^ 

. 107-94 * 

» 

and its valei^py is unity, therefore jts chemical equiva- 
lent weight is , 

• 107*94. 

but the atomic, weight of hydrogen is 


• - 

iftid its valency is unity, jtH^refor^ its chemical equivalent 
weight is ^ 


1 * 0 , 


therefore it follows^ from F-araday s second law that> 
5 ^-^= *octoo 10357 gram of hydrogen will be liber- 
ated by one ampere flowing fo&^ne second, or the'mass 
of hydrogen liberated by any current in any time may'>be 

expressed as ** • 0 « 

1*0357 X 10 ^A/ o ■» 


where A is the curremt ift amperes ai'Jd t the time itb ‘flows 
in seconds ; which is equivalent to saying vhat, at 0° C. 
and 760 mm. barometric pressure (29*92 inches), one ^ 
ampere-hour will liberate 

^ ^ *of47 cubic foot of hydrogem. 

S9 far the jelationship between current ’^and^ volume 
ortiydrogep wliich would be produced theoretically Has 
been ^considered •* it now remains , to deterraipe the 
relationship l^etween power and%>the volume of hy^d^ogen ' 

O « 3 
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whith sh(Suld,,be theo/letic^Jly fiberatefl. To refer to 

the"^ diagram, it wiB be at orfee ^prc^ciated that, to get 

^ the currentoto f?ow through the ele^trolyt^eo requires' an 

electricar pressure, 6r^ in otfier^’ words, there willobe 

found to be a \roltage ^drop between th^e anode and 

cathode. /, (• 

' (1 

This voltage drop.ls due to two^types of cresistance> 
one' of which is identical to the resistance of any con- 
ductor and is dependent on the cross-sectional area of 
the path of flow of the current and on the lengjth of the 
path/ i.^. the distance between the plates. The otAer 
resistance is one that is due to a condltfoh analogous, to 
the back E.jVr. F. of an electric inotor. 'Assume that 
electrolysis’ has been ta1ving,%place in the diagrammatic 
cell khd that fhe.batter^y has been remo^^ed ; if a volta- 
meter is then placed between the anode and cath(5de it^ 
^wik be found that there,, is a difference of potential 
between the two plates and that the direction of this 
electromotiveTorce is the reverse of that of t^ie cuifent . 
wh1c*h was supplied in first instance by the battery. 
TfBiS resistance is the back E.M.F. of the cell, 

or the polarisatioii^ resistance While the first type of 
resistance rcan be practically eliminated by placing 
the j[)lat^s close together, the ^ecqnd is^ not a function 
of the- cell Resign, but a constant of the electrolyte in 
tfiie cell ; therefore, to pbtain electrolysis in a cell it 
is^ necessary that th^ curr$;nt must have' a certain 
theoretical fpotential to overcome "'the pplorisation resist- 
ance of the electrolyte. * ^ 

® ' The minimum yg^ltage to produce continuous elec- 
trolysis in a cell*whose resistance other tl^n that ilae 
to fjol^arisation is ^negligible is given* below for yarious 
^aqucops soludons of bases, acids and ssjts containing 
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their chemical equivalent wl^ghi in grams litre > with 
considerable varuttiorsi in thfc degree? of concentij^lion < 5 f 
th% solutton.it* has*beefi found that thoge sqjutioiis gi^^n• 
b^ow whose minynufh* Voltage k*about 17 Require nOi 
appreci^le variation in pressure to produce dontinuOus 
electrolysis * 


I 

Solution of • 

Zinc sulphate 
Cadmium sulphate 
jP nitrate 
Zincbromicjp . . 
CadmiuTn cbtoride • 
"'""Orth^phoaphoric acid 
Nitric acid . ^ .• 

gaustic soda 

,, pota-h . 
^.ead nitrate 
Hydrochloric acid^ 
Silver nitrate 


Minimum Voltage for 
.Continuous Electrolysis. 

. 2-35 volts* 

• • • 2'03 I. * .. 

■ i’98 I, ‘ 

• i'8o» <1. , 

. I- 1 & 

. • * 70 * 

♦ i‘69 .. ‘ ■ 

I 69 

" v 6 n 

1*31' 

'70s 


.’1 


% 


^ Npw it has been previously, deducecf frgm Faraday’s^ 
laws that a current of one asnpere for one hoHr should*' 
produce •oi47*cubic foot of hydr(%en (at 0° C. antf766 
mm. pressure), but if a sdlution of caustic spda use<^ • 
the current would have had to be supplied’at i ’d?) volts, : 
therefore i x*i '69 watt»hour proddfces •cfi4'> cu^ic fdot . 
of hydrogen, or . * *•» ’ 

1 000^ watt-hours pro^Vi^fe ^ ^ cubic foet. 

But, at the; same time as the hydrogetp is liliferated at* 
the catho3e, oxygen is being liberated at the anode, aiii 
^ce from Fataday’s.laws the vdlume of ^ygfen is .one 
tTlf of that of fhe hydrogen, on tlie electrolysis of a 


^ Determined bytLe Blanc. ^ 
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solution of Caustic soda rfkil<fCatt-hourc(B.T. U) theoret- 
ically produces ' I' • t ^ 

8‘7 cubir feetfof hydrogep at q° C^76o mm. {9^‘i)2"). 

■■and 4-4 oxygen r, ^ ' 

r * ^ 

The theory of electrolysis having^ bee^^ considered^ il 
remains to describe sorne of<the more iifiportant /tpplica 
tions^of this phenomenon for the production of hydrogen^ 
‘and oxygen. ^ ^ ^ 

To refer a^ain to tho diagrammatic cell, if the 
distance between the anode and cathode is great tlje 
.-resistance of the cell is^high, and c6nseq'4ent<!y the pro- 
duction of hydrogen is much below the theoretical; iJut 
if, on the other hand, the distance between the two 
platesj^ small, ^e gases ^liberrfted are each contamirateef 
with the o?her, her^ce th^. design of a ce^l for the com- 
mercial production of oxygen and hydrogen has of 
Rece^sity to be a compromise between these extremes. 

'A l^rge number of commercial cells put the anode 
r and cathode comparatively close together, but/Inc order ' 
" to objaia reasonably highPpfirity in the gaseous products, 
a pbrous partition is pTlaced between the electrodes : this, 
^ike increasing the distance between the plates, creates 
a certani am6unt of resistance, but it has qne advantage 
of^theo^^atter procedure in that it Snakes for compactness, 
which is ver^^desieable in any plant and particularly so 
^in the^^case of electrolytic/ ones, as one of the greatest 
objections t to f their use^' is the' flqor space which they 
^occupy. ^ f ' ( 

A glance at the list of patents at the end of the 
cfiapter >Vill <3how wl^it an amovmt oftkigenuity 
‘ been expended in tfie design of electrolytic plant for tRe 
production of oxygen and hydrogen. On acefbunt of 
‘this m\iltiplieity‘of differint cells it is intended i^erely*,. 
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to describe the* following vihich ar^ r^reser#tative 
types : — ^ • I 

j! Piker pres^type. 

2. Tank type* •• . . _ 

3. b^i-porous non-copductiifg partition type. 

, ^4. Metal^partition tj^e. ^ , 


Section on Line A. B. • 



tfiG. 15* 

# 

Filter* Fress Type.— Jf, in the dlagrammatig cell 
(Fig 15), a^plate of conducting material wias placed 
^Wtween tjie anode and cathode and the current switched • 
on, hydrogen would be liberated authe original.^athode 
•and oxygep at the original atiode, by^ besidej <his,^it* 
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/ ' c f ^ * 

would be f<5und that on< thQ.side of the ^late faciftg the 



other attk:* hydrogen Vould be given off ; th'^us it is seen 
‘that thb intermediate plate becomes on one faCe an %node 


Fig. 1 6. 
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and ot^the oth^*a cathecfe. Further, it will 1^ found that 
the polarisation or back, nssistcfnce of ttfe ce[l 

frqpi the origiilal ayode^to the original cathode is dfcubled ; 
thys the placing of » ppnduetor^.to whiclf nj efectrical 
connecttbns have teen made, turns tjje original cell into* 
tm> cells. filter press cdl is constructed on lines 

^analog(fL^s to theiabove. ^ * 

The filter press cell is composed of a series o/ iron 
plates, whioh are recessed on f ithej side as shown in the* 
diagram^ from which it will.be seen tfiat, if two of these 
{Mates are put^ together, a space will be enclosed by them 
by virtue 6( the rec^s. * • ^ 

Th «ach* plate theroiare three Ifbl^is, one at X and* 
jtwo along the dine AB^ so that, whemt^e plates arf* 
plaiS^d together, the eilclosed i^ecess coijld be filli^d with 
^at^r by means of the hole *X. A smalf hole com- 
municates Vith recess* and the holes on AB, but in the 
case 0 / one this communication's on the right-hand side 
«#iibile on the other it is on the left. Now, bet^^een•any 
two plates is placed a partition, the shape* and holes ir^ 
which exactly coincide witft’fhose in the plates^. ^ The 
edge of this partitigm is^ composed^ of rubber, whflft the 
centre portion, which is of the same size as the recess m 
the plate, is*n^de of asbestos cloth. * 

If four of thes5 plates are pressed tbgetfier^with*the 
partitions between, they will mak« thht^ syrnmetrical 
cells wjiich can be filled wifli electro*lyte by blofkiifg up 
tlje Ijole X in one optsidhe platt^and runnijigjt in through 
this hole in the other outside plate. Sin*ce tile asbestds • 
portion of the partition* is porous, the electrolyte ^ill 
^oon reach l:he same level in eSch cell. ^ • 

Now, if a positive electric connection is made to ont* 
outside plate and a negative to the other, vfh«t current 
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if; ^ 

passes musl^ow through^theeleStiKJlyte^ai^d consequently 
eJectrVlysis wilhtake place. ce^each plate is insulated 
from* th6 other by the rubber edgp of ,ttie ^artkion e§,ch 
plate becoQie? on*one»face an ^ppde and on the othe^a 
cathode, was (fcjcribed in the diagrammatic t:ell, but 
the two plates which go tb make the* rec(^S0ire divided 
by the asbestos* pa^titic^n, si? the gaseso libera^eti’ ^*^ve^ 
little opportunity of mixing. Since, as has been already 
‘mentioned, one of thp holps in the top of the plate is in 
communication w*ith one sidoi of the recess and ^e other 
hole with^the opposite side, the hydrogei^ and oxygeffi 
formed pass via separate passages to •different gas- 
•holders. . ^ 

The description is am^licablp to all dlter press type, 
cells. actual volta^ of tlie ^lectricaj supply dfter- 

mines the number t>f plaj^es which are in the complete 
unit, for the ** individual resistances are in Series. Ill 
piactice, using a lo per cent solution of caustic potash 


as the electrolyte, the voltage drop per plate is 2*3-2^e 
fThe^ current density is generally about 18-25 arrfperes 
per s^yane foot, while thl;* production is 5*9 cubic feet 
of h^clrogen and 3 cubic feet of oxygen, at mean tem- 
peraturo) and pressure, per kilowatt-hour, the purity of 
the hydrogen being about 99*0 per cent, j^nd that of the 
oxy*genpp7*5 per cent.^ 

The filtei^^ressotype of cell has a considerable ad- 
vanfage^by being compact, •but, on the other han^, since 

• ^ • • 

« ® 1 The reason for tfie difference in purity is due ^ fact that a 

small aipount of diffusion takes place , through the porous^partitions,. 
an3*since on accoi^t of its de^isity the volume of hydrogen diffusin^^ 

, i^to tbe oxygen will be gijeater than the amount of oxygeq diffusing > 
into the hydrogen, the purity of the oxygen must oV necessity Jt>e less 
^ than that ©yt&e hydrogen. 
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pwsk:al methods 

• ^ ... i 

the welter and#gas tfghtn^ss of the individ«>al ceHs de- 
pends on the rubber ^n tb^partitioti andTon the niqthod 
of^ pressings til e plate;^ together, both these require^ a* 
cqjtain amount of attention ; probably a c^l (^f this type^ 
would Inquire overhauling in theSe pa^-ficulars atout once 
imevery t^\4p*?^nd a»half montRs, if it^were kept running 
^continiADpsly. • # / . * • 



t 


^T^e following ^ {5robab/y the best-kiiown com-^ 
mercial cells oT this type : Oerlikon and Shriv^r. 



consist? of a circular tank H madti of dead frrtld steel, 
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stand^g oif insulators ]^, wjth sPit annular ring gt the* 
top., Tn this tank an iron lyjindgr perforated with 
•hojes, is* hun^ from the cast-iron, lid .of the^cdl K 
jneans of an electrode ^E. Betw«eti the side of the tajk 



• Fig. 18. — InternationfiT Oxygen Company's Cell^ • 


and tRe cylinder C an asbestos curtain ,A is* hung 
ffij)m^ plate of non-conducting material B. I'he lid of 
the Jtank, whiA is insullted from bi»th H af/d C, ha^t\iiQ^ 
flanges O and N which form an annular ling. It also has ' 
^two oirfte! pipes G a*nd F. ‘ • ♦ 
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'1 39 


Thh annular space m th|^tar]Jc H is filled ^ith w/iter, 
while the interior /jf tbe tanlj is fillec^ with a lo p^r^cent.* 
sollltion of (MLUStic Sod^^ in distilled wate/*. ^ • 

^The method ot opertjftion of thfe cell is as follows : If, 
the negative L^d of the circuit js connected to D» which 
is inet^Lllicatly fastefted to the tank^body H, and the 
positive Wd is c(^Qected to £, electrolysis will take place 
and hydrogen will be liberated on the side of the*tank ^ 
H, rising thfough the electrolyte iiftojth^ annular space 
enclosed »by the flanges N*and O on the lid K, from 
wTience it is frie.to circulate to thg outlet pipe G. .While 
hydjogen is being liberated on the sides of the tank H,' 
oxygen will he lib^ated bn both sides cff the cylinder 
Sron^ whence it*will rise^yp, ultimately ffnding its way 
through holes jn the plate B.into the^^anniilar'^pace 
encfosed by the flange N, an^l thus on tp the outlet 
pipe F., ' , ^ ' 

There is a trapped inlet pipe ^not shown) in the covel* 
TWor jptroducing further distilled water from ^ime to 
time> to replace that decompp^d by the operation* ^Rho,^ 
process, • • * * 

The voltage drop between anode and cathode is 
^about 2*5 volts, ’ 

The outl^t^ipes Q and F ar^ usually trjipped iq a 
glass-sided vessel, which enables the working of^fie cell 
to be examined, • _ 

Fig.« 1 8 shows a tank cell of the Interifational 
Oxygen Company, Which is not unlike th$,dia^rammati^ 
cell which •has just been explained. Tests on four of 
thesg cells b^ the Electncal Testing I^abofatories fyl 
^riew Yorje give the following figure ^ : — • 

^ Ellis, “The Hy^lrogenation of Oils” (ConstaUle^V 
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1 
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purity of the oxygen was 98*34 per cent, and 


that‘of the hydrogen (from another test) 9970 per cent. 
The ^jest-known plant of this type rs that of the 


I International Oxygen Compahy. 

I f; o ' 

r The Non-Conducting, Non-Porous .Partition' ■ 
Type ♦— Xhis cell, which is illustr^.ted by the diagram 
/^Fig. ip), consists of a rrsetal tube A, which, formg the ’ 
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electrode and gas putlet, an^^whjph is made ofrlead where 
an acid electrolyte^ is ysed, ^d of iron where an alkaline 
on% is emgipyed. • Tljis metal electrode is sun1oundfd4 
by^^ glass or porcf laifi 4 |ibe perforated at tTie*bottom. 

TheTe are four of these electrocles per ce^Il, which 
aiti arranged* indicated in the digram. When the 
furrent^is switilled on the^gases are liberated on the 
electrodes within the glass tube ; consequently no mixing 
of the liberated gases can tako^plactf. 

The test-known commercial cell of this type is the 
Sfhoop. * - 


'The* Maal Partitien Type*— ITisthe preliminary 
description of the* filter press type of ceil it was statecf 
that^ a conducjting partition ifctween J^e anode and 
Athode itself became on one face arf anode and on the 
oriier face ^ cathode ; this, howe/er, requires modifica- 
tion, a^ut is only true when*th^ voltage drop between 
^^Nbori^inal sPnode or cathode and the n^etal parjitiob is 
less tfian the minimum voltagd required fcfr con^pijous 
electrolysis. • ^ ^ • • • 

In the metal pewtitiop type of fell a metal partition 


r is placed between the anode and Cathode? This par ti^ 
tion is insulatj^ from the poles, is not so"^deep as the 
electrodes, ada is ^perforated on the lower edge with 
small holes \^hich, though reducing the ^&«#«eal resist- 
ance, dg not allow of the gases mixing. • 

,Tbe best-knowT>^ cAl of Ais type -is the GaVuti, 
which, sipcpe ttie true electrodes are only abotft half ar 


inch apart, gives a moreT compact cell than if a* nop- 
^c^h(Juctin^ p^aHition iwere emplo^^ed^ ^ * , 

Since tl^e vdtage drop between electrodes is slightl) 
. less for the same electrolyte jhan* if a non-cofHuctinj 
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f ' f ^ 

partition v^re employe^ th^. yieid is ^good, bein^ about 
6*i^(!ubic feef of hydrogery at n^ean^temperature and 
« pjressufe per kilowatt-hour. Th^ current j^ensity as 
^ high as 25 to 28 amperes per squire foot, using a io<per 
cent, solution of c?ustic soda. 

The advantage of this type of ceil is ifs^ oompactness, 
due to the small distance ^between tV^ elecucfdes, ancj 
its lightness, due’ to the fact that it is made throughout 
(with the exceptj9n of the insulating strips) of mild steel 
sheet. However, the small distance betweei) the elec- 
trode^ necessitates care being taken to^prevent an \n- 
* ternal short circuit in the individual cells.- 


f f , 

Castncr<?KeIIncr Cell. — Bf.sides those cells already 
described, the^object (ft which ‘is to produce o?^ygen 
and hydrogen, there ^re some which, though* nbt 
, designed foV the pr'bduction ot'^hydrogen,'" yield it 'as 
a by-product. ^ ^ \ 

'Probably tl?e most important of the^e electrolj^*^ 
i^prqr.^^es yielding hydfogen as a by-produc\ ‘is the 
Casiner-^Kellner. The primary purpose, of this process 
is to make caustic ^oda fron\ a solution of brine ; but 
‘both hydrogen and ‘'thlorine are produced at the same^ 
time. , • 4 V * 

Tivi, working of this process can be understood from 
the diag«5!»HjilP*ig.*2o). , 

^ The plant consists of'a box A, divided iqto thice 
corflpartments^ by the ffkrtitiortk E> which, however, ^ do 

'not touch the bottom of the box A. On ithe floor of 

( 

this box there is a layer of mercury, which is of sufficient 
depth to make a fluid ^seal between the S:'ompartniei^ts.^^ 
' In the two end compartments there are carbon elec- 
trodes,*^^Ldnnected to a positive electric supply, while in^ 
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the mradle thd-e.is an iroi^^ele<:trode, contt(!tted Jo the 

negative supply... Oi^ side|Of the box A is earned, on •a 

hiflige H* while rtie oither is slowly lifted jjp anM dojvn# 

b)*an eccentric wTiitiJi gives aVocking mcK;ion to th^ 

contents of the box. • • 

•• • 

In the^ two eifd compartments^ is j)laced a strong 

•solution <^f hrmfe^while thi middle is filled with water. 

Op the current being switched on* electrolysis^ takes 

place, the current passing from the? pc^itive carbon elec- 

tn)des through the brine td the mercury, and from the 



mercury to ne^atiye electrod^in the.ce«fcre compart- 
ment. ^ 

- Now, cq^sidering one of the end co«f]^S!fnient|, by 
T?>e* splitting up of the gadiuni chloride, chlorinft will bf 
liberated at the pc^Ttive electrode, and^.wlll ultimately 
pass ouUift ]^, to be used for making bleaching powder, ' 
or |or some^other purpose, while sodium jvill be de- 
posited (jn tlie merdiry, with w^icljit will amalgamate.^ 
Qy^ingio tKe rowing of the box, the sodiijnT^ercury 
, amajgam will pass|into tfie Qpntre coippartmerh, wherg 
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it is dp conijlbsed at the r^egatyve efectrod^ in accofdance 

^titl> the following ecjuation o- ^ ^ 

I f 

" ^ c f 2N& + 2H,0 = 2NaOM + 

f * * . I * c . ^ , 

Thus^ by the* operation of the process, chlorine is 
produced in the end compartment^ and" ‘'caustic scda 
and hydrogen irt tfe centre |)ne. r ^ e 

The following r patents have been' taken out for the 
‘production of hydrog^m elpctrolytically : — 


Delmard. Germa^i patent 

Garuti.*- E^iglish ,, 

* Baldo. ^ ,, 

, Garuti. ‘ U.S. ‘ 
Garuti & Pofripili. English ^ ^ 

. K ^ U.S, 

Schmidt. ^ Geipnian 

H^zard-Flarnand. \].S. ,, ^ 

* Garuti & Pompili. English 


y^rtiire. 

V: 

French 

> » 

cU.S. 

Aign^r. ; 

fcerman 

Cowper-,Golqs. 

English 

Eycl^n Leroy & 

j MorTf?!?^> c 

French 

Schutkert. 

German 


^ Fischer, Li^Sning ^ 

& Collins. • U.S. 
•Moritz. ^ ^ 

Pkizard-Flamand.^ ,, 
L’Ox'hydrique 

^ Francaise. , Frenc:h * 


58282^ 

1890. 

^ 4-6588. 

00 

i 8406. 

1895- 

534259* 

1895- 

23663. 

i896f' 

629070. 

1899^. 

1 I 1131. 

1*899! 

646281, 

1900. 

12950.' 

1900.** 

2820.^ 

lOCfSr' 

t* 

27249. 

1903. 

355652. 

1905. 

823650. 

1906. 

'98626. 

^4285. 

1906. *“ 

1907. 

39 i’ 3 i 9 . 

1908. 

231545.^ 

I gfb.' 

0 p 

10042*49. 

I9I I. 

981 102. 

1 1. 

100345^. 

( 

191^. 

, 4599 . 57 - 

}.9I2.^; 
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• • • 

Benfter. • 

• 

Pl-ench patent 

461981. 

; 9 i 3 - 

Knowles Oxygen 

•• 

F^nglisti 

4 !^ 

* . 

» 

^ Co. fc^fant.* 

1812.’ 

19 1 . 3 - . 

^aschinenfabrilj 

*•# 

• 

. 

Surth. 

French *, 

• * 462394- 

1913- 

•Burdett. % • 

U.S. 

1086804. 

1914. 

Ellis.*. •, 

1 • 

»» 

f 

1*087937. 

1914. 

M M 

• 1092903. 

1914.^ 

iLevin. • 

• • 

..1094728. 

1914.' 


, ‘ APPENDIX. 

^PHYSICAL* CONSTANTS, g 

PHYSICAL Pf^perties\o^ Hydrogen. 

i^ritidil Iffemperatur^ . 

* pressure 
Melung^p^int at ; 

Boiliug point 


• • - 234° c. 

. 20 atmospheres. 


T 


: atmospheric pressur(i, - 259“ t. I Trave*rs^02., 
j? - 2S2’f C.\ 


Density* OF f^iQUii) H/drogena 

At boiling ^oiA • i -fly 

At melting^j/in « t . % . • *0^6 * 


Temperature °C. 

- 258-2 

-25^ 

--^57 

- 25*0 

- 254*3 

-243 7 

— 

r 253-2 

Pressure mm. § 

• 

i 5 o 

1 

200 

! 300 

400 

C 

c 

* 600 

foo 


-fsrgl 
760 I 


• I 


Lat^ent Heat of HvrfkoGEN. 

caliper ^rm. * , 

’ / » *1 f 


» to • 



146.^ ‘MANUPACTyRE OF. HfDROCEN 

f r ^ ' 

OlENSITY OF pAS^OUS" HyDROGEN. 

A\ 0° C. and 760 mm. r 

' f ' ( < • r 

r ' ^ *08987 grm. per litre^ t ^ 

f 5*607 16 . per looo^Qut^ic feet. 

, *' « 

Specific I^ifat of Gaseous Hydrogen. 

At cc^stanf prt^ssure. ^ ^ ' 

At atmospheric ifressiirc . 3'4o'iil 

^ i ‘ 00 1 TAissana, i8gj>» 

30 atmospheres . . . 3‘7o8J 

At constant volume. < 

At^so^’C. ..... 2402^ 1891). 


Vfxocity of SouNir IN Hydrogen. 

Ato'^C.''^ 12*86 X 10'^ cm.^^per sec. (Zoch, 1866). 


SoLUBiLitv of^^Hvdrogen IN VVater. 


C’A i 

The coefficient of absorption is that volume of gas 
(refluced to o'" and 760 mm.) which unit voia.r*eurvf ex 


liquid <vvill take up when the 

pressure of the 

gas at^ic 

surfecc of the liquid, independent of the vapour pre.ssure 
of j!!?e‘’ liquid, is 760 n>m. • 

Temperature. 

Coefficient of 

T^mpers^iure. 

Coefficient oi 

°C... 

Alfeorption. 


Absorption. 

■.> o'. .' 

. . *02148^ 

60 . . 

. * 0144 “ 

^ 10 . f . 

c 

■ • •'^1955' 

70 . 

*0146“ 

20 . 

•01819^ 

80 ... V 

. 01492 


. , *01699^ 

90 . . .\, . 

. *01552 

40 X. . . 

. . •Ol52‘-^'-' 1 

100.... 

. , *01^^ 

^50 . 

1. . 014^/“ 


t 


Transpiration of Gtaseous Hydrog.:n. 
t Oxygep , . ■ . ^ 

^ Hydrogen . , . . ^ . . *44 ' 

J Winckler (Bpr., 1891, 09). / r 

^ ‘-^Bohrahd Beck, (\^ied.^ Ann., i!>9ij'44, 316). 



* PH’^I(>\L COM^TA^TS 

pJeVjlACTfVIT^i OF ^YOROGE^ 


147 


^Air 

Hydrogen 

♦ 


/i- I • 

I *000 

*47i 


I Ramsay & Travers. 


^ ^Relation . yiip Between PgEssuifR and Volume.^ ' 

^ Wef(i,Boylftk Law corrj^t then *the* pro^ct of the 
pressure multipllea by the volume would be a constant ; 
hotvever, lioyle’s Law is oi^ly ^yi approximation, alP 
gases ne^r to their critical temperature being much more 
cffnipressible jhan the law indicates* At atyiojpheric 
temperatufe dfe common gases, such as oxyg^ and 
nitrogerf, ar? very^slighrfy more compressible than would ' 
ijg^xpected from theory*^ Hydrogen and J;ielium under 
the same conditions are less <ompressj| 51 e, hence Reg- 
flauk’s description of hydrogen “gas plus que 
parfait”. * ^ S ^ ^ 

^ ^^jl^idiehaviour^of hydrbgep at low pressures (from 
•*530 to 25 fnm. of mercui'y) was investigated^ by* Sir 
Willi^rn Ramsay and Mr. E? C. C. Balf, whpjjpun^ 
that, at atmospheric tempafSti^rc, Boyle’s Law^«held 
throughout this raiige of pressure^ 

# The relationship between volutne andyressiflre wheTi 
the latter is^rjeat has been invest^ated by ^^^agat aif 3 
Witkowski^i^hose results are incorporated in^l|e*graph 
(%• 21), yhich shows the relatiSijsh^g bcs^NSWi^the 
^Thgftreycal volume of hydrog(?n which should be (ibt^ti^ 
01^ expansion to ati^ospheric pressure imd that whi(^ 
is obtaiqpd from a standard hydrogeif cylinder. 
this it is seen that, 011 ^expansion frpm 2000 Ifc. ^ 
00 sJ^uare iijch^to atmospheric pr^sure, glUp^ ceirt.^*^ 

^ volum^ of .hydtog^ is obtained tTian is i^i^e^^ 
.^heory. * ^ 



Gauge Fissure /n Pounds j)er Square Inch. 



J OULE^n'lIOMJ^ON'f^EFFECT^ 

Down^to at least - 8o° C. hydrogen on ex^^insion by 
sitjiple outflo>^ rises in temperature, which Js unlik^ali 
^other gases with th^ poisible exceprtpn of nelicyri. Tile 
variatiew^in temperature for drofj^ in pressure qf unit 
^itmospfere for ^r and h)idr(%en is |ivj 2 n below 




PMf SISAL C 0 N 8 tA?ITS 



Lift of Hydrogen. — Lil^ of*iG»o cubic feet of 


,fdrogt^ = ii:34iL^i?lb. 
^ ^ • ,460 + T 


460 

vhere P |= Piyiity of hydrogen by volume expressed in [)ercentage.» 

B — Barome^rtfc pressure in inches. J * 

1^ T « Temperature of Sur in degrees P'ahrerlbeit on the dry 
th^mpmeter. ^ ^ ^ 

®r , . . • . 

^ This formula is correct if tlyg mr is dryi If it is wet ^ 
a smalkcjji^ection Qiust be cipplitid, which isgiven^n t^e 
foTfBNfmg ciyve. ‘ ^ 

TJwi purity of the hydrogqji is expressed by volume 
on The asStiwiption that the<n^urily is air or spnjepth^r' 
gas of the same specific gravit^’as air under the^s?ame 
conditions ; if the impurity is not rfir due ^llowapce must 
be made. ^ f • ^ 

Correct^ for Humidity q^Air,—Vh^ ajtacfted 
curve gives the correction which irwast ernployed in 
lift forn/ila for humidit^ti of the 'atmosphere '^'he 
dirferefice between ^^e temperj^ture of tl\c ajr on the wel 
aitd Sry thermometers is found on the le^t-ha/id side 6f j 
the grafJh ; the temperature of the air as shown on the 
(^Iji^^thermojanfcter is found on jhe bott0^;*find wh^re 
perpendi!iulars jfroj^ these two p'^ints, intersect ancj ^ 


f 


V 

oule ai 


L<ard KelvinJj' 



ISO A MArfUFV^TUREfOF Hy 6 rOGBN 


estimate th# A^lue of th^^correctioh from the posifhon of 
the point of intersection relatiV^ to^th^curved lines. 

« ^ Exa^iple.— Let the air temperature be*" ^ ^ 


r Dry. 

6 o"F.c 

then diffeij 
perpendici 


iffee^nce is F., an 
diculars is between th\l 


• Wet c 

. 5 o‘’f. 


nd the intersection of tfie 

" r f 

t curved Hi|.is •35'knd *4 at 


■■■■■■■■■■■■ 

_ — jaaaaaaa JMaaaaaaaaaaaBaaaaBni 
■ ■BaaBBiaBaaaaaaaaaBaasaBBBBBaaia 




Ir^aaaaaaaaBaBBaBaaaBaaBaBiaaBaaa 

laiBaaBaaaaaaBaaaaBaBaaiBiaiaBiaa* 

■ laaa ^aaaaaaaaaaaaaaBBBaaaBaaaai 

IliBaaaBBaaaBBaaBaaaBaaaBBaaaaaaaa 

laiaaaaaaaBaBBaaaBBBaaaaaaBiBiBaBPi 

l■aaBBBBaBaBBaBa■BBBBBBB■Baii•Bt■ 

■ ■aBaaaaaaaaaaaa>*aBBaaaBaaaiaBBPji 

■ ■aaaaaflaBaaBBaaaJaaBBBBaaaBaaaaB 

■ ■aaBBaaaaBBaakjaaBBBaaaBBaBBBB'iBB 

” IBBBBaaBaaBBBflBBflflBBBBBaflrBBB 

laBaaaaaaaaaaaBaiaaiBBaaB'aBiBi 

:s::ri:: 8 :»!sssssii 8 s 8 ^issi& 


iBaaavaaBai 

Wh ■r.iirpaerr 

S ’JBBaaB’' 

fc^iBBB) , 

‘ riaafarMfiBiJBiiauBAB 

'latiii — ' 




iiaaaairi|S 8»ss:! 

^K: 8 i: 2 » 8 SSiLi 

!s:f^r 78 :»!i 8 L 

iBPjair 


•05 -1 -15 -Z -ZS -3 - 3 !' 


jma«ai<Bii_ 

ar<aaraB' 4 aaaa«aitafiar<ap<aa|L 
a’JBaiBaaBtaiBaaaaaiaainO 
aaaaia tj aariafiBf aa B aaaa iiifM 

r j B B r « ■wiBaaBWmMfjfar^^ • • - " 

BBB iiaBBaBaairaariBd 


VBB 


<i' 4 ai- 

iBaa 

riaar 

laaa 

8 » 


■BaMB' Ml 

•r^aiai’iiri 

raarjaiaaa 


itiaf'Br.BiiaaH 

ifiWii'iaaMl 
3 ibb« 5 »biibI 

f ^^iBBBaa’aaiirBBa avsiiaiiBl 

riil'ir " 


IBB iBBflBBrjaaaaiiBv 

— laraaB'JBTr-'^ — 

IBPIBBrBBfil 


iiavavaraii 

'lariBMariati 

aaiBiaiia 


liBBBBBfflBlJBRSfSl.BflB 
laBBr.aapiaaaB'aaiiitiB’iB 
.aaa'iBiiaf.aaaB Bi'iBaa 

! 8 S 88 s»rii 8 fi» 8 ; 8 rsr, 

a'iBB'iBBBBriBrilataf a bib 

irSariSariBljSHMfiS’jBMS'iS 

' -iii 'JBB aaiiif BB 'aa aria iaiB 


fiBItl 

riBlI 

aaa| 


8 : 8 » 8 ;£:»s 


J 5 fiS 787 .» 8 ;£?Sr.| 

BBaB'iBriBuarari yil 
Bf BaaBaa'iitjarikn J 


^ Teq^enat^re of Dry Tnermometer m F. 

Fn":;. 22 . — Cofr^ticfli for Hur^i^ity in lb. per loo^^Cubic FeeV 

I • ^ 

^position may b(f estimatecfat *36 ; therefore 

•36 Ib. miAt be subtracted from the lift per €(joo cubic 
fe^ of hydro^Jl- as determined by the formula w^n 
the temperature of ^he iir by the cky therrfloqjieter was 
F.^Hitd the’differ^nce between ^t and 4 ry i(^ F.' 



1NDE}C. 


AbsorpV^n of hydr<jeen by metals, 
^^ir, composftion of, ^ * 

— Hydrogen in, 7. 1 

^minal process, 44. •» 

Ammonia, 26.411' 

— absorption by charcoal, 29. 

— liqu«a^^n, 29. 

^^ropertTes, 27. . 

— solubility, 28. • ^ 

— uses, 27. • • ' ^ 

Arsine, 32. , ^ 

— production in Silicol^irocess,^2. 

B^ische Catalytic prlS:e.ss, 10 r. » 

-5^ patents, 106. 

plant, 105^ 

^ preparation ofcatalyst, 103 

Ber^us process, 63. 

-» — patent^P, 66. ^ 

goiling pgin^^ gases, 115^ 


15^1 KlectrolyslS’, ■» 

/ i Explosions of mixtures if hydrogen and 
oxygei>^ % 


hajdenin^, 35. 
Fefro-silicotfv 50j^ 


I Heat |#oduced by ignition 9f hydrogen 
! |nd oxygen, 17. • • 

I Hydrik process, 44. 

Hydriodic add, 24. 

Hydrobromic a^id, 23. 

Hydrochloric acid, 21. 


P 


Hydrogen and aifeep^c, 32. 
— . — bromine, ^3. 


carbon, ao. 

chlyiner2i. 


Jme, 24. 
rogen, 26* 

, — oxygen, 9. 

^ Jogen, 145 ^ •! — — Vosphorus, 30. 

ivdrogea in, 4, • i seleniurn, 25. 

I sulphur, ’24. « 

I — tellurium, 26# 

wc.. — physical constants, i45.*'- • , 

tion of hydrogen, 124;^^ production. See Biodfictipn 
^ y hydrogen. • • 

Hydrogenite process, 60. 

1 Hydrol^ process, 67. 


CALCiu*iihydride, 34. 

Carbonium-Qfi^eljschaft process, 108. 

Centrifugal s^aflrth 
Cerium hydride, 3f. 

Clays, hydrogen in, 7. f 

Critical pressure, 114. 

of hydrogen, J45. 

— temperature ^114“ 

of hydrogen, •^5i. . 

Density of ga^i^^us hydrogen, i45.« 

— -- liquid hydrogen, 145. 1 wx.uian.^, ^ 

DilfRsion, separalion of hydrogen by,i * Patents, 9^. 

f2i. * ' Plant— 

Diwoverf of hydiogen, 2. § 9 ^ 

Drapeiieffect, 22\ 

Euectrol^i^ cells— ^ 

Castner-Kellner cell, 142. • ^ 

press type, p3. 
jfnml partitioift^e, 14 
non*Con4tAting, nop-porAs partition 
type, 140. 
paterffc, 144. • 

^ tank cell, 137. 

r f •• 


Ignition temperaflir^sai^jjjrb' 
oAgen, 10. , - / 

Iron C^tact process, 561 ^ ^ 
Fuel consumption, 97. * $ 
Oxidisii%, go.^ r-- 


V*..* ^ 

Multi-retort type, 93. 

Single retorf^pt, 95. 
Purging, 8ft. . 

Purification of hydrogen, 90. 
Reducing, 8£. • 

Secondary re^ions^gi. 
Sflphuretted hyUrogen in, 93. , 

JoULE-Th^mson effect, 

^ ^ * < 

I INTENT heat if hydrogen ,^4: 

mi'i A # •* 







Lift of hydros. 149* 

Linde*Ffank>®ato t<;ocess, ii3‘ 
patept'^, 121. . 

^ purfication of gad 120. 

Uthlum by'dride, 33. 

f • 

Maonesium hydride* 34' 

Maottfacturing processes- * 

, Badische Catalytic, tor. 

“i^rpius, 63- - . ^ 4, 

Carbonium f^ ^sclls'Ch,aft, 
KlectrolyticflT32. 
ilydrik, 44. 

Hydrogenite, 60. 

Hydrolith, 67. 

Iron Contact, 86. ij 
Lindc-Frank-CaroxI *3* 

Sical, 6g. ^ 

MetVoHc troo^liydrog^^ in, 3- ' 

Occurrence of hydroges^ 2. . 

0.1 and gasweUs, hydrogen m discharge 

OsygenTcsr>0'>'0'’ '' ^ 

heat produced by fgnition of hy^ro 
gen and, f 7- ’• ‘ ’ 


Pfodfict'on froinVater arid kk'Ttiinium 
amatgana, 69. 

— silkide, 68. 

iiv.tallic hydrides, 66. 

\ — metals, 6r. 

h*, Irocarbon oils, iio. 

.uatON iLr, 

Bteam and barium sulimide, loo. 

itcT.i, 86, 

; water 


SUIU, ^ 

_ reaction of hydrogen with. g. { 

PAOSPHINE, 3^* 

actiotion metals, $x^ 

Pcfarisation resistance, 130* in 

Potassfinif* hfdfide, 33. ^ 

Prodicf.on of hydrogen, 39* 
from acetyline, 108* 

-* — acid ^ind iron^ 40. 

?:ld’':^d7AnC:,42e 

'• r^alkJii atru"4*luinmium, 44 

1 ‘‘■a;?'e/On, '*0. 3 

^ — — '(ormate, 60. ^ 

^ - - - oxalatCrbi. , 

' ailico*^, 


’ zinc, 43- ■ 

. \va,3r and aluminium alloy, 7t- 


; <i«FRACTtviT^ cS hydtogfct'., I47- 

rcocks, hydioge. in, 3* 

’ Sllbnurbtteo hydrog'^n, 25- 

! Sical process, bg. 

:*Silicol process, 45- 
j composition of^sludge, 55* 
t lime, use of, 53r ^ ^ 

1 miner^^grease, U^e of, 57* 
patents, 59* ‘ > < 

precautions'i'^bc taken. 57- 
m-rity of hymogen produced, 45- 
strength ot caustic, $ 2 . 

Sodium hydride, *7). . . 

Solubility of hydrogen in water, 

Sound,, velocity jnhy 

iSpecitfcheatDfhydrc„ . . 

i TELLVtvKTTEn hydrogen, 26. 
Transpiration of hydrogen, 14 • 

Uses of hydrogen. > 

I Volcanoes, hydrogen in gases ftom, 5- 
\VAtETt gas mani^’actpre, 

vJ: Dell%’ek meth^. 75* 

English mifthOdj 74 * 

Swedish TneUe-w, 75* 

{!^ovaf o” si?lrttre«»l hydrogen 
Som, 84. 


*’ and. 10, 15.:. ,r !specitfcheatDthydxoge£i46- 

of hvdrclien with, g. { ’ 1 hvdrogen,!?!* 


An 










